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Executive Summary

This RCRA Facility Investigation (RFI) Report summarizes existing data available for the
site, summarizes previous remedial activities, assesses the nature and extent of
contamination remaining in site soils, reviews fate and transport of the remaining
contaminants, and quantifies the potential risk posed by site-related contamination to
human health and the environment. This RFI Report is being submitted under the
Corrective Action Order on Consent negotiated by Modine and the MDNR in July 1999.

A visual site inspection /preliminary assessment conducted at the Modine facility in1,992
recommended further investigation at a few solid waste management units (SWMUs). None
of the SWMUs are currently active. Several investigations were conducted between 1992

and2007 at the Modine facility to assess the potential for releases from these SWMUs. Based

on the results from some of these investigations, remedial activities were conducted to
remove contaminated soil during this time period. The data generated from the
investigations and remedial activities were evaluated to determine what chemicals remain
in site soils that could still pose a potential risk to human health and the environment.

To assess the nature of contamination, soil concentration data representative of current
onsite conditions were compared against screening levels based on U.S. Environmental
Protection Agency Region 6 Human Health Medium-Specific Screening Levels as part of
this RFI. The only chemical identified in excess of the screening levels was trichloroethene
(TCE). The evaluation of the TCE data concluded that the extent of TCE contamination has
been adequately defined to the concentration previously agreed upon (4 mg/kS) by Modine
and the Missouri Department of Natural Resources (MDNR) as a result of previous
investigations.

Migration pathways were assessed as part of the RFI, to determine the potential fate and
transport of TCE contamination in soil. The leaching to groundwater pathway was
evaluated and determined to be incomplete since the TCE remaining in soil at
concentrations exceeding the medium specific screening Ievels is protected from direct
exposure to precipitation by a building and the concrete and asphalt surrounding the
building.

The risk estimates in the HHRA indicate potential risks within U.S. Environmental
Protection Agency's (USEPA's) and MDNR's acceptable cumulative risk levels for future
industrial workers and future construction workers from direct contact and for
current/future industrial workers from inhalation of indoor air. However, risk estimates
exceed MDNR's target risk Ievel for an individual chemical. The vapor intrusion pathway
was evaluated using measured indoor air concentrations. When calculating risk estimates,
the Cal/EPA toxicity values for TCE were used in accordance with historic agreements with
MDNR.

The ecological risk assessment found that although ecological receptors are present nearby,
there are no complete pathways to these receptors.
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An environmental covenant, which meets the requirements of the Missouri Environmental
Covenants Act, RSMo, Section 260.1000 through 260.1,039, has been prepared for the Modine
Manufacturing Company facility in Camdenton, Missouri. Residential land use is defined as

property whose use is unrestricted and that it is either being used for residential use, or is
zoned for residential use, or access to the property is not restricted and children under L8

years of age are on the property more than 250 days per year. The environmental covenant
provides for activity and use limitations restricting the property to non-residential use,
prohibiting drilling or the use of groundwater for domestic purposes, and limitations
restricting the disturbance of soil under the existing building. These limitations exclude the
use or development of the property or portions of the property for any day care, preschool,
playground, athletic field, or residential purposes. These limitations also require the owner
or operator to request permission from MDNR at Ieast 60 days before soil disturbance
activities beneath the building begin. MDNR may deny the request for soil disturbance or
require protective or remedial actions prior to soil disturbance activities based on the
findings presented in this report. In addition, the owner or operator of the property is
required to allow access to the property for the purpose of environmental groundwater
monitoring at existing onsite wells.

Based on results of the RFI, there is no need to move forward with a Corrective Measures
Study. The path forward includes MDNR taking the lead to inform the public. Given that no
significant concerns are raised by the public that MDNR considers relevant for
consideration, the site will be closed with no further action.
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1. !ntroduction

This RCRA Facility Investigation (RFI) Report summarizes the data available for the site,

assesses the nature and extent of contamination remaining in site soils, reviews the fate and
transport of the remaining contaminants in the wake of the substantial remedial efforts that
have occurred under the Administrative Order and quantifies the potential human health
and ecological risk posed by remaining site-related contamination at the Modine
Manufacturing Company facility related to past releases from solid waste management units
(S\ArMUs).

This document consists of nine sections:

. Section L states the purpose of the RFI report and summarizes the facility location and
history, and the regulatory history.

o Section 2 summarizes the site features such as geology, hydrology, hydrogeology,
topography, climate and Iand use.

o Section 3 summarizes the findings from previous investigative work at and around the
site and the history of corrective action there.

. Section 4 summarizes the nature and extent of contamination remaining at the Modine
facility.

o Section 5 summarizes the potential fate and transport of contamination remaining at the
Modine facility.

. Section 6 presents the findings from the human health risk assessment (HHRA)
regarding the contamination remaining at the Modine facility.

o Section 7 presents the findings from the ecological risk assessment regarding the
contamination remaining at the Modine facility.

o Section 8 presents conclusions and recommendations.

. Section 9 presents references.

1.1 Facility Location
The Modine Manufacturing Company facility is located at22L (formerly 179) Surrset Drive
in Camdenton, Missouri. The legal description for the site is NE %, NE %, Sec.26, T.38 N.,
R. 17 W., Green Bay Terrace Quadrangle, Camden County, Missouri (Figure 1-1). The
facility is bordered on the northwest, north, and east by residences and by a wooded ravine
on the south, southwest, and west. The Lake of the Ozarks is L.25 miles west of the facility.

1.2 Facility History
Dawson Metal Products owned and operated the Modine facility from1,967 lo'1972.The
company produced air-conditioning coils and feeder parts from aluminum and copper
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tubing. Sundstrand Tubular Products purchased the facility in-1,972 and continued
operating it until 1990. In October 1990, Modine Heat Transfer, Inc., a wholly owned
subsidiary of Modine Manufacturing Company, purchased the facility. Modine Heat
Transfer merged with Modine Manufacturing Company on April 1,1,997. Modine
Manufacturing Company is the current owner/operator of the facility.

The manufacturing building was constructed in'1,967. Since that time, the facility has
undergone four expansions (1970,1973,^1979, and 1983). The builcling also underwent
complete interior renovation in 1997. As part of the renovation, all degreasing units were
removed and all recessed floor portions brought to grade. The impetus for the renovation
was a product line change that required replacement of all equipment in the plant other
than the wastewater system (package plant) and the electrical system.

Before 1,997, the Modine facility produced aluminum and copper heat transfer units. The
manufacturing process required the cutting and mechanical expanding of aluminum and
copper to bond the copper tubing with the aluminum fins. A vapor degreasing process was
necessary to adequately clean (remove oil and dirt) from the various parts and assembled
units prior to further processing. The vapor degreasers at the facility used trichloroethylene
(TCE) until Modine purchased the facility in 1990. Modine used 1,1,1-trichloroethane
(1,1,1-TCA) in the vapor degreasers from 1990 until L993. In1993,1,1,1-TCA was replaced
with methylene chloride, the solvent of choice until1997 when all degreasers were removed.

Since 1997, the facility has produced radiators (larger heat transfer units) using a different
manufacturing process, which requires the bonding of aluminum to aluminum by abrazing
process. No chlorinated vapor degreasing is used in the cleaning of the radiators since these
units and parts are cleaned using aqueous-based alkali cleaners.

1.3 Regulatory History
A Resource Conservation and Recovery Act (RCRA) Part A Permit application to operate a

storage facility was submitted to the U.S. Environmental Protection Agency (USEPA) by
Sundstrand Corp. (now Hamilton-Sundstrand) in 1980. Revisions to the Part A were filed in
1983 and 1990. A RCRA Part B Permit application was never filed; therefore, the facility was
operated as a treatment, storage, or disposal (TSD) facility under interim status.

Before Modine purchased the site, Sundstrand submitted a Closure Plan in September L990
to terminate its interim status as a TSD facility and hold generator status only. The Closure
PIan addressed three former storage areas, all on the west side of the building. In March
1.992,Modine submitted a Revised Closure Plan, which the Missouri Department of Natural
Resources (MDNR) approved, with modifications, in November 1,992.

Concurrent with the RCRA activities, the Superfund Section of the MDNR Hazardous
Waste Program contracted Jacobs Engineering Group through USEPA Region 7 to conduct a

visual site inspection (VSI) and preliminary assessment (PA) of the facility in 1992. The
VSI/PA identified 35 RCRA regulated SWMUs and four areas of concern. Of those, only six
were recommended for further investigation. These consisted of:

. SWMU 1 (Ilulett Lagoon)
o SWMU 2 (Mudpits)
. SWMU 4 (Tank and Drum Storage Area L)

1-2



1.INTRODUCTION

. SWMU 5 (Tank and Drum Storage Area 2)

. SWMU 19 (Monorail Vapor Degreaser and Still M185)

. SWMU 31 (Tank and Drum Storage Area 3) and SWMU 26 (Monorail Vapor Degreaser
and Still M567) (collocated)

Several investigations and remedial activities related to the SWMUs were conducted from
1992 through2007. Section 3 of this report summarizes the results of those investigations.

Modine and the MDNR negotiated a Corrective Action Order on Consent (AOC) inluly 1999
to facilitate the investigation and remedial activities related to the onsite S\AIMUs. The soil
investigation and remediation along with the groundwater investigation are being addressed
by Modine, under the AOC, and by Hamilton Sundstrand (HS). Current groundwater
investigations are being addressed by HS under a letter of agreement with MDNR as part of
the Cooperative Program. The Cooperative Program exists under the "Superfund" Section of
the MDNR Hazardous Waste Program to allow compliant businesses to make progress at a
site without the need of an enforcement action (Consent Decree).

1-3



JJ-- IENIo

Y
(L>

E
+

<
33

uJ 2 =
!2

tzB
=

>
d?ze
rr <

qi
P

5H
\J<

>
Jlr<

H
<

"
A

u'zoo=

lIJJoU
)

oFFoz

\
i

(
i

_lJ
t\: 

;

L.il

uk)-o

i

't

clo---
*,rE

*
E

$,
a\? :.

tt,iii;i'
i 

ir
7- 1l'
': 

l'

t, 
I

l"'

.,,. .2,'

'.t
It,tI

1
II

riI

(o

!

i.-fIIji*bnrf6

j,,t-I
I,.,,

.,/

o

iII
.,1.-i

)

q.,

I ' 
l-

'i
III1]'!'I

a-
I

l'iI

'l(r,l 
I

lI
-(

\t'
I

ir
t*

\Ac\t
(,

r(f'
I+

LU-FIIoFoulIFtoz.FtuLUlJ-
o-.
o-
O

F
-=>6dsL*>=

=
o>e. c)
(Lx
*6oZ=

t-
otr
oo3qLZL<ix>
iur

.. =
7

uJr=
l-,'r 

Ll

eE
9

tr@
.

+
ll

.Ad,)
E€--
.(g
u,.

+

It'Il.It1tIl-.IL.

i

o,qt
EE

.
E

i)
qi

t
,

1

,t
I

,.t.
I

i

),iI
/ :1.

't
, 't.i'i

I

Eqr
rfv,
st

l'-- "i ''.,\'
i$

=EcbU

I
,] ,t

.lrl;r-:I).'l^

IIIIIi{
ii

J

-\ -.a--
''l

\t

11,

i

't

titi
-l'l

-\'r

fn05cl 03_331 645.dgn



2. Site Features

2.1 Geology
The Modine site was leveled for construction of the original building and subsequent
additions with 5 to 15 feet of clay fill, gravel and construction debris. The fill is deepest in
the southwestern part of the site. The first natural material beneath the fill is the Roubidoux
Formation residuum. The upper part of the unit consists of silty, sandy, red clay with chert
fragments, the lower portion relatively insoluble relict sandstone, chert beds, and residual
clay, resultant from the deep weathering of the Roubidoux Formation. Soil borings and
excavations conducted at the site indicate that the predominant soil type is clay and that the
thickness of the unconsolidated overburden typically is 5 to 30 feet and as much as 50 feet
on the extreme southwestern part of the facility grounds. Exhibits 2-1 through 2-8 present
representative borings logs from investigations at the site. The boring logs demonstrate that
clays are the predominant soil type beneath the site.

The uppermost bedrock is the Ordovician Age Roubidoux Formation. The Roubidoux
Formation consists of dolomite, sandy dolomite and sandstone. Because of extensive
weathering and dissolution of the carbonate parts of the Roubidoux Formation, the bedrock
surface is uneven and only isolated erosional remnants of the Roubidoux Formation are
found to exist beneath the site.

The first competent bedrock unit beneath the site is the Gasconade Dolomite. The
Gasconade is a cherty dolomite estimated to be roughly 300 feet thick. The Gunter
Sandstone member forms the basal unit of the Gasconade. The Gunter Sandstone member
separates the Cambrian and Ordovician age strata. The Gunter is estimated to be 20 feet
thick in the area.

The Eminence Dolomite underlies the Gunter Sandstone. It represents the top of the
Cambrian Age rock in the area. The Eminence Dolomite consists predominately of medium
to massively bedded dolomite and minor chert. It is underlain by the Potosi Dolomite,
which is a thickly bedded, medium to finely crystalline dolomite that characteristically
contains an abundance of quartz druse. The Derby-Doerun Dolomite underlies the Potosi
Dolomite. It consists of thin bedded dolomite that alternates with thin-bedded siltstones and
shales. The Derby-Doerun Dolomite is the deepest rock formation logged in nearby wells.
Underlying the Derby-Doerun Dolomite are the shaley Davis Formation, the Bonneterre
Formation, and the Lamotte Formation. The entire Cambrian section is estimated to be more
than 1,150 feet thick.

Modine conducted a field fracture survey in 1996. Bedrock outcrops in the erosional valleys
north, south, and west of the Modine facility were inspected, and the strike and dip of the
fractures were measured using a Brunton compass. The orientation of 173 fractures was
measured from 20 outcrop locations. The primary fracture orientation is nearly vertical and
trends N50"E. HS conducted an additional fracture survey as part of the remedial
investigation (RI) in 2003, confirmed a predominately N50"E fracture trend with a

secondary fracture set orientation of N35'W.

t1
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2.2 Hydrology
The principal potable aquifer in the Camdenton area is the Ozark Aquifer. The Ozark
Aquifer consists of all bedrock units beneath the site that are located above the Derby-
Doerun Dolomite. The total thickness of the aquifer is roughly 950 feet.

The Gunter Sandstone yields an adequate supply of potable quality water for domestic use.
Therefore, most private wells in the area are completed within this unit and do not
penetrate the underlying Cambrian Formations. The major sources of municipal drinking
water in the area, including the City of Camdenton municipal wells, are completed within
the Eminence and Potosi dolomites.

2.3 Hydrogeology

Shallow, nonpotable groundwater occurs sporadically during the wetter months within the
unconsolidated overburden atop the bedrock surface. Based on results from investigations
at and around the site, the first encounter of sustainable groundwater is deep within the
underlying bedrock. Two distinct groundwater zones have been identified at the site: a
"perched" zone and a"deep" aquifer zone. Groundwater within both zones occurs
primarily within secondary porosity features (fractures, bedding plane separations,
dissolution cavities). Groundwater flow is affected most by the primary fracture pattern and
to a lesser degree by the secondary fracture pattern.

The "deep" aquifer system is separated from the overlying "perched" z,orre by an
argillaceous interval (low permeability layer) that typically ranges in thickness between
30 and 40 feet. Groundwater within the "perched" zone system occurs at elevation between
817 and 828 feet above mean sea level. Saturated thickness of the "perched" zone ranges
between 1 foot and B feet, and appears to be controlled by the surface configuration of the
Iow permeability zone that forms the base of the "perched" zone. The general flow direction
also appears to be influenced by the occurrence, depth, and slope of the low permeability
zone. Groundwater within the "deep" aquifer system occurs a|781, to792 feet above mean
sea level, roughly 200 feet below ground. Groundwater flow in the "perched" zone
generally is from northeast to southwest across the site. The low permeability zone is
breached by erosion in the ravines south and west of the facility. The general groundwater
flow direction in the "deep" aquifer is from east to west.

2.4 Topography
The Modine facility is located on an east-to-west trending ridge top in the northwestern
portion of the Salem Plateau, which is a subdivision of the Ozark Plateau. The topography
of the area and region is undulating and characterized by a nonglaciated terrace with deeply
incised ephemeral streams. Elevation at the site is 960 feet above mean sea level;
topographic relief is roughly 20 feet across the site. The elevation drops steeply into the
ravine imn-rediately south of the facility. The base of the ravine is 195 feet lower than the
elevation of the facility.

aa



2. SITE FEATURES

2.5 Climate
Based upon climate data for Camdenton, provided by the Midwest Regional Climate
Center, average temperatures in spring and summer range from the mid-4Os (degrees
Fahrenheit ['F]) to the high 80s and low 90s. Typically, fall and winter temperatures range
from the low 20s to the mid-4Os. The Camdenton area typically receives some type of
precipitation more than 101 days of the year, with an average'annual rainfall of 36.2 inches
and an average annual snowfall of 17 .0 inches. The prevailing wind direction is from the
southwest to the northeast.

2.6 Land Use

The Modine facility is surrounded by wooded land and residences. The site surface is
covered with asphalt or gravel (used as a parking area)and a building. The facility has been
used for industrial purposes since at least1967 and will continue to be zoned as industrial
land for the foreseeable future.

The Hulett lagoon site is surrounded by undeveloped wooded land and residential and
commercial properties. The former lagoon is now a generally fla! open field covered with
native vegetation with surface runoff toward the northwest entering intermittent drainages
that trend to the west. An apartment complex is located north and upgradient of the former
lagoon. The former lagoon is bordered on the west by a wooded area about 500 feet wide and
beyond by Dawson Road and residences. Wooded areas border the south and east of the
former lagoon area with residences beyond the southern wooded border, and commercial
property (along Missouri State Highway 5 and 7) beyond the eastem wooded border.

2-3
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Ground water not encountered during
exploration.

r Sample submitted for laboratory
analysis.
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TEST BORING RECORD paot I of I
CLTENT ) Hodinr
BoRrNo xo.) xa-s llodinr H..t Trrnrfrr, tnc.
DATE ) te,rr,rgt Cmdrntonl llo i63-1643
LoooED av ) cxczottu DFTLLED By ) Lru Envirorurntrl

LAW ENVIRONMENTAL

OII WASIIINGTONAVENUE
SIIITE r€O
sT. LOUI9, MISSOURI 8sr0r

(ru) 62r-033t

/\v

) xoa AugrrMTLLINO
]ETHOO ) Hrna AugtrSAf.TPLINO

}IETHOO

Hudrprcr mdlng rmurrd uith rn ts{u pro urlng.16.2 ru IcoitENTSr .Dp. HC'LE
DIA. 3. e In.
TOTAL
DEPTH3.6 Ft.
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H(Jl-z
GCtrF
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luttl
0.tr

STRATIGRAPHY REMARKS

.l

2

0

I

2

3
Brown and gray silty CLAY (CL).

Exploration terminated at 3.5 Ft. due to
auBer refusal.

Ground water not encountered during
exploration.

I Sample submitted for laboratory
analysis.

. 8:incti doiErlie-
'B1a-siltj,-ct-AY

.4-inch concrete slab.
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Av LAW ENVIRONMENTAL

OIT WASIIINGTON AVENUE
sunE r00
8T. LOUIS, MUiSOURI oltlot

(!r.) 6rr-essr

TEST BORING RECORD PAOE I of I

cLtENT ) tEalnr
BORINO NO.> HA.'
OATE ) tltgter
LooBED eY ) D. ttsett
gE+hb$* ) xrno Ausr ffigHo ) xrna Aus.r

ootrI.lENTSt Hmdrprcr mrding nmrurrd ulth rn HNU PIO uring r 18.2 .{, fmp.l E?H 3.3 In.
TOTAL
DEPTH.7E Ft.

uttrF)zFul
OFHZoo
EO

H
o2
ulo

dZ
lrlJ
g
co

a
o.
ulo

cllrlu IJ>.c0.o 4,Eoc
C lrr-.1oCv

Zottl
H(JFZ(rG
trFFg|
lrtxzo
lrl lrt
0.8

STRATIGRAPHY

w -+
0:

lrt

Hr
Ol.a

e8 [.
ulut O.
!Ev

itodlnr Hlrt Tmnrfrl !rc.

Cdrntonl ll0 t63-1643
mrlIED EY ) Lu Envlrornrntrl

.Concretc slab.

Exploration termimted at .75 Ft. due to
Bug,or rofusal.

Ground water rose above borehole
following completion of boring.

I Sample submitted for laboratory
analysis.

REMARKS

2-O
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Av LAW ENVIRONMENTAL

OIT WASEINGTON AVENT'E
sutTE 160
sT. LOUI! T MISSOUnI 6:t101

(3r{) 6rr-o$r

42

30

TEST BORING RECORD PAOE 1 0f I

cLfENT ) nodlnr
BORINO NO. > )h-s Ifodlnr Hrrt Tmnrftr' Inc.
DATI ) ntatst Crlttrntonl l'lO fE3-1843
LOOOEO EY > O. tlgrtt ORILLED EY ) Uar Enuironnrntrl
gE+hb[* ) Hrnu Aus.r 9efft-r}fil

rGT}IOD ) XrnO Aug.r
COt'tt'ENTS3 Hmdrprer mrdlng anmurrd ulth rn HNU PID u.ing.1O.2 rU lrmp. OI 3.0 In.

TOTAL
DEPTHA.A Ft.

!I
oco&z
OHaooEccEllllt o-Ecv

UtrF)z
FruOFHZoo
EO

F..oz
uto

9
lu

*o

tl-
G[lo

GTltilll tJ).cco0
EOC(lllJ*{
oEv

!,o
T
Fo
tao
ll,
G

w

w

a

0

I

2

I
. Concrete slab.

Red silty CLAY (cL).

Exploration terminated at 2.8 Ft. due to
auger refusal.

Grouud water roso above borehole
following completion of boring.

r Sample submitted for laboratory
analysis.



Exhibit2-2
1991, SWMU 4 and SWMU 5 Boring Logs
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ORILLTNO
TiETHOO ) xsa

COHHENTg: H..otp.ct r..cing m...rrF.d rrith rn HNU ptD

PAGE 1 ot t

lontNo xo. ) a-r lbCinr Hrrt Trtar?rr r Inc.
OATE ) rlzatgr C.al6.ntrrn, fto rE3-t843
LOOOED EY > O. Llyrtt ORILI Ea Ey ) urgnr LJrttrrn

SAI.IPLINO
ngTHoo ) Cont. Srrnpltr

6.2

6.8

P.M

P.M

24
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I
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I
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0

I
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5

6

TEST BORING RECORD
) moalnrCLtENT

LA}V ENVIRONMENTAL

9rl WASIIINGTON AVENUE
SUITE 150
sT. LOUIS, MISSOURI 6StOr

(3t{) 62t-033{

,\7av

UJ
o€o
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OxaooEcc o.

!He

u,trF
F IIJ
OFHzoo
EO

,t
an
Z
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o

o

ll,
0.
!co

0.
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o

).atrr
ulut tJ)lcoo
EoC
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OEv

z-
ou,
HOFZ
CCtrFbo
llt i.2u,l
llt uJ IGtrI

rl

L

uring r ll.2 rV J.rnp.

STRATIGRAPHY

. Gravel. -I'l
Red silty CLAY (CL), some gravel.

--G_r1v_ silry CLAy (CL).

Red silry CLAY (CL1 396 g'?yel.
T

Fragmcnted c
:---heil particles.

Exploration rernitrarcd ar 6.5 Ft. due roaugcr refusal.

9r:,:1d-,y:rer not encounrered duringexplorauon

' Sample submined for laboratory
analysis.

7O?AL
DEPTH

6.0 fn.

6.8 Ft.

REMARKS



,\,7at

L

-(

L

L

:

t
't

t

I

t'

I
t
I

t

t
t
t
t
i

L

t

ll,oco
0,2Ot{^ooEccE
uJuJ o.IEv

8.2

7.4

CONHENTS!
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P

P
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LOOOEo av ) O. ugrtt

) xsaOFILJ.INO
IIETHOO

LAw ENVIRONMENTAL

9II WASHING?ON AVENUE
suTE 160
sT. LOUIS. MtSSOt RI 6!t0r
(3r{) 62r-e33r

CLIENT ) nodinr
EontNo xo. ) g-a nodin. Hr.t Tr.n.?.?, Inc. i

Crartr6!s6, 69 rE3-L643
ORIIJ.ED Ey ) Uegnr L,..trrn

;mB"u ) cont. sr.,pl,rr
Hr.cr;r.cl mcing il..ruruc r.rith rn HNU pro uring r tt.8 ru IallrF. OIA. 6.9 In.

rOTAL
OEFTHA.S Ft.

STRATIGRAPHY REMARKS

Gravel. +

28
I

I

l3
I

I

I

t'
I

TEST BORING RECORD PAGE I O, t

Gray silty CLAY 1Ql) with or8anics.

Brown and gray sitty CLAy (CL) wirh
gravel.

Fragmentcd chcrr particles.

Exploradon rerminared ar E.5 due ro
auger refusal.

Ground water not encounrered during
exploradon.

t !"qrr. submirted for taboratory
analysis.
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Exhibit 2-3

1993 SI /N{U 4 and SWMU 5 Boring Logs
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PROTECT NAME AND SITE LOCATION
MODINE . CAMDENTON, MISSOAR/,

BORING NO,
B-8

SHEET
IolI

DATE
7 /7 /e3

RIG TYPE

CME
PROJECT NO.

53-36i4

WELL
J
o
@
E
o

F
lrl
lr,L
2x
I
l-
&
trlo

x

o

3o
E

ooz
H
o(t
lrlu

zo
H

Blq
rH
E*2tA)o

<r
J
(J

Fz
H

u
UI

lrl
o.

l-

C;z
t!J
0.f
th

F
o
o
iL

o3
o
Jo

5

M

M

M

M

M

400

s00

30

30

CL

S1

s2

sa

S5

Gray-green, silty CLAY (Ct).

Boring terminated at 10.0 Ft.

Couments:
- Headspace Reading OVA Model 108.
. CME 6U HSA
- Sample 52 selected for laboratory analyses.

DESCRIPTION

Brown, stiff CLAY (CL).

Red, stiff CLAY (CL).

Densc grade aggregate (FILI,).
SURF

PROFESSIONAL ENGINEERING
AND EARTH-SCIENCE
CONSULTING FIRM

LAW ENVTRONMENTAITEST OMENGD.
C)

REGORD
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PROJECT NAME AND SITE LOCATION
MODINE . CAMDENTON, MIESOURI

PROIECT NO.

53-3634

RIO TYPE
CME

DATE
7 /7 /93

SHEET
tofl

BORING NO.
B-7

oz
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J
0-
E
€o

F
o
o
li

a3oJ
dt

Fz
H

E
td

o
U
lrl

ld
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F
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E**aJa
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F
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z
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I
F
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DESCRIPTION

SURFAC
Asphalt and dense e aggregnte )

Brownlsh-red, stiff CLAY (CL), little coarse
gravel.

No recovery.

5

Red, stiff CLAV (CL).

Boring terminaled at 10,0 Ft.

Comments:
- Headspacc Readlng OVA Model 108.. CME 6'HSA
- Sample Sl selected for laboratory analyses.

sr

s2

-s3

s4

S5

\/

A

M

M

M

M

200

40

25

IO

CL

TEST BORTLNG

REOORD

WELL

--- -- -- -- 
-

-I
artl

---

LAW ENVIRONMENTAL

PROFESSIONAL ENGINEERING
AND EARTH-SCIENCE
CONSULTING FIRM
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PROJECT NAME AND SITE LOCATION
MODINE - CAMDENTON. MISSOARI

BORING NO
B-8

SHEET
lolt

DATE
7 /7 /e3

RIG TYPE

CME
PROJECT NO.

53-3634

WELL

F
t
t{
lr
z
H

I
0.
trJ
o

o

)
o
E

oo
H
oc
ul
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2o
H
L

B*xY!rIIx
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Jo
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F
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lrJ
J
G
L
(E
an

5

M

M

M

M

300

60

40

40

CL

S1

s2

S3

S4

S5

DESCRIPTION

SURF
Asphalt and dense grade aggregate L).
No recovery.

Brown, stlty CLAY (CL), llttle coarse gravel.

Brownish-red, silty CLAY (CL).

Red, stiff CLAY (CL)' with saod.

Boring termlnated at 10.0 Ft.

Comments:
- Headspace Reading OVA Model 108.
- CME 6'HSA
- Sample 52 selected for laboratory analyses.

PROFESSIONAL ENGINEERING
AND EARTH-SCIENCE
CONSULTING FIRM

LAW ENVIRONMENTALTEST BORENG

REOORD
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PROJECT NAME AND SITE LOCATION
MODINE . CAMDENTON, MISSOURI

PROJECT NO.

53-3634

RIG TYPE
CME

DATE
7 /7 /e3

SHEET
IolI

BOR/,NG NO
B-10

c
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u
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u
lrl
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E
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lrJ
e
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H
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DESCRIPTION

o
SURF

I)ense gradc aggregate L).

SI

S2

P 70

M 100 Gray CLAY (CL), llttle fine sand.

M 50 CL 5 Gray-brown, sandy CLAY (CL).

s4

S5

M 30 Brownish-red, stiff CLAY (CL).

M 20 Red, stiff CLAY (CL).

Boring terminated at 10.0 Ft.

Comments:
- Headspace Readlng OYA Model 108.
- CME 6'HSA
- Sample 52 selected for laboratory analyses.

TEST BORING
REOCIRD

}YELL

LAW ENVTRONMEN?AL

PROFESSIONAL ENGINEERING
AND EARTH-SCIENCE
CONSULTING FIRM
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PROJECT NAME AND SITE LOCATION
MODINE - CAMDENTON, MTSSOURI

RIG TYPE

CME 75

DATE
7 /7 /e3

SHEET
loll

BORING NO
B- l1

PROJECT NO.
53-3634

oz
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trl
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DESCRIPTION }VELL

SURF
Dense grade lggregate (FILL).

s1

S2

P r5

Brown, silty CLAY (Ct).

M l0 CL 5

Brown to red, sltty CLAY (CL)

S4

ss M 10 Red, silty CLAY (Ct).

Borlng termlnated at 10.0 Ft.

Comments:
- Heedspace Readiog OVA Model 108.
- CME 6" HSA
- Sample Sl selected for laboratory analyses.

PROFESSIONAL ENGINEERING
AND EARTH-SCIENCE
CONSULTING FIRM

TEST BORTNG LAW ENVIRONMENTAL

REC@RD



Exhibit 2-4

1997 SIA/N/IU 26 and SI fN4U 3L Boring Logs



PROBE ID P.I
Monitoring Wetl Data

Pipe; NA
Screen: NA

Slot: NA
Sand: NA

Ground Surface:
Measuring Pt:

Elevation

m

of Casi

Location: Camdenton, Missouri
Driller: Roberrs Environmental Drilling, lnc
Borehole Logged By; Miesclre Francis
Drilling Merlrod: Geoprobe
Date lnstalled 4-21 -97

Surface Conditions: Concrete

Client: Modine Heat Transfer
hoject Number: 2?397 -005-045
hoject: Geoprobe Investigation

CT . Currin$
SS - Sdit Spoon

WA - Wuh Surplc

Sanrple Type

Tubc

CC - Contiroou Core
RX - lmt Core

sT-

DESCRIPIION
q)
U(/)

o.
C!

C'J

G
o
A

o

2
()
o. (tt

{)

q)
,zco
c
(D

@

0

I

2

J

4

5

6

7

8

9

l0

il
12

l3

l4

r5

I6

r t.5

8.2

15.'t

28.4

0.0

I.3

7-8

8-t2

t2-16

1Gr7

t-3

3-7

CC

CC

CC

CC

CC

CC

CL

0 - I' Concrete and Gravel Fill Material

CLAY, reddish brown, with cherry gravel, sofr

CLAY, reddish brown, witlr clrerty gravel, ntoist, sliff

CLAY, reddish brown, with grey srringers, clrerty gravel. slighr

Y, reddish browrr, with grey slrirrgers. abtnrdant cherty gravel

fronr I0-12', solvent odor (strong at 12,), dry. sriff.

CLAY, reddislr brown. rvith bl;rck arrd gre-y srringers. clrerly gravel

dry. stiff.

SILTY CLAY, reddislr browr, rvirh black and grey stringers- cheny

solvent odor

, srilTgravel

CLA

Geoprobe Refusal at 17.0'

17

l8

I9

20

2t

11

23

24

25

TNote: rsh holebore was forprepared anhydrogeo endlor rological nlenta assessnlenl and doespu rposes nol necessarilynfor ronrIlal esuitabl :lfor It r rctgeolec assessnt rle oI Ire bstsu r rlace cond lons.rl Borehole data ur tnres e lollatreq rprel&Darnes ooreM rrel beforeperson rse ot lersbv



PROBE ID P-2
rtoring Well Data

Pipe: NA
Screen: NA

Slor: NA
Sand: NA

Mon Elevation:
Daturn:

Ground Surface:
Measuring R:

of Casi

Project Nurrrber: Z'l 397 -OO5-04 5
Project : Ceoprobe I rrvest ig.rt iorr
Localion: Cantdenton, Missouri

ler: Robcrts Environlnental Drilling. llrc
Borelrole Logged By: Miesclre Francis
Drilling Merhod: Geoprobe
Date lnsralled: 4-2t -97

Client: Modine Heat Transfer

Surface Conditions: Concrete
CC. Condrnour Corc
RX - Ret Corc
ST - Sldby Tube

Sanrple Type

\v,il - Wb[ Sillllc

(-l - Crtd,rf,t
SS - St,lit !i,r@o

DESCRIFTTION
U)
U
t/)

c-
(,
c.

L,'

G
e
0)

oc.

CLAY. reddish browr, rvitlr cherty gravel, nrorsr

CLAY, light grey ro browrr. wif h cherty gravel, dry. crrrrnbly

0- 10" Concrete

CL

0

2

3

4

5

o)
.=
C
o
c
q)

co

0.0

o.7

Y

Y

G,4

4-6

CC

CC

Ceoprobe Rt'frrsal at 6 0,

ll
t2

I3

t4

I5

l6

l7

l8

l9

20

2l

?2

23

24

25

6

7

8

9

t0

rhcc

TNote rs borehole was forprepared Ir ca a ellrrd/or VIydrogeologi ro tl ta)lelt assess n)enl apu ndnco ta n rposes does notnforrnat roll suI necessarable fo a ilvc nIt rcalgeote assessl ltell t-o Ir se lrsrlt rlcorrd rons Borehol data il&Darrres res eby Moore req tonpersonnel ubcfore rpretatse ot re rsby
o



PROBE ID P.3
ng Well Dara

Pipe: NA
Screen: NA

Slot: NA
Sand: NA

Monitori Elevation:

Daturn:

Ground Surface

Measuring R:
of Casing:

Driller: Roberts Environnrental Drilting, lnc

Drilling Method; Geoprobe
Date lnsralled: 1-21 -97
Surface Conditions: Concrere

C lient: Modine Heat Transfer

ion: Canrdenton, Missouri

hole Logged By: Miesche Francis

hoject Number: 27397 -005-045
Project: Geoprobe lnvesrigat ion

(]f - Cuttiry.r
SS - Split SDoon

VA. Wsb Surplc

ype
CC - Con6nuotrJ Corc
l-X - Roct Corc

Sanr e Tpl

Tubc

DESCRIPTION
t/)
Uv)

l-(o
tl,

{.)o

c.

2

C

d
e
q)

0- 10" Concrete

SILTY CLAY, brown, rvilh clreny gravel gradirrg lo reddish brown

clay, with black and grey stringers arrd cltert-y gravel

SILT, brown. with trace clav and cherty gravel, dry. crrrrrrblv

CL

ML

0

2

J

4

0.2

1.2

q)
,zc
o
co
m

Y

Y 4-5.5

0-4 CC

CC

Ceoprobc Reflrsal at 5.5, (r

8

9

l0

lt
I2

l3

l4

t5

t6

t7

t8

l9

20

2t

22

23

24

25

Note This borehole was prepared for lrydrogeological anrVor
ntain infornration suirabre for a georecrr,icar assessrrrerrr of

- Dantes & Moore personrrel belore rrse by otlrc,rs.

e,rvrro,,rearar assessnrerrt purposes and does not necessariry
tlre srrbsrrrface condirions Borehore dala requires inrerpretarion



PROBE ID P-4
toring Well Data

Pipe: NA
Screen: NA

Slot: NA
Sand: NA

Moni Elevalion:
Datunt:

Ground Surface:
Measuring Pt:

T of Casi

hoject Nunrber: 27397-005-045
hoject : Geoprobe lnvestigalion
Location: Canrdenton, Missouri
Driller: Roberrs Errvironrtrental Drillilrg. lnc
Borehole Logged By: Miesche Francis
Drilling Merhod: Geoprobe
Date Insralled: 4-21-g7

Client: Mod ine Heat Transfer

Surface Condirions: Concrete
(.[. Cuttn3r
.SS - Stilit Sp@n

WA . Wrsh Sarplr

CC - Cootiroos Corc
RX - i.el Con
ST - Shelby Tlbe

Santple Type

DESCRJFTTION
a/)
U
aa
f,

A
GL
cr)

o-
a.

z.
(u

c-

U

€
a
tu

SILT, grey grading to brown, with cheny gravel ancl rrace clay, clry_.

CLAY, grey grading to reddislr browr silt. rvirh chert.y gravel. clry

0- 10" Concrere

cnrnrbly, sofl
ML

CL

ML

0

2

3

4

5

o.:c
o
c
0)

@

3.5

3.2

Y

Y

0-4 CC

CC

Geoprobe Refrrsal ar 6 0,

7

8

9

t0

lt
l2

t3

t4

l5

t6

t7

ltt

l9

20

lr

22

.!. )

21

25

6

Note: This borehole was prepared for h.ydrolieological
contain infornration srrrlable for a geolech,rii,,l ..r.r.,.,.,
by Danres & Moore personnel before trse bv others

envtronulerrlal assessrrrerrl purposes and docs not necessarily
he strbsrrrlace conditiorrs Borelrore dara reqtrires inlerpretalion

arrd/or

enl of1 o



PROBE ID P-5

Monitoring Well Data

Pipe: NA
Screen: NA

Slot: NA
Sand: NA

Elevation:
Dalum:

Ground Surface:

Measuring R:
of

Client: Modine Heat Transfer
koject Number: 27397 -005-045

Project: Geoprobe I nvestigation
: Canrdenton. Missouri
Roberts Environnrenlal Drillirtg, I rrc

Logged By: Miesche Francis

Drilling Method: Geoprobe

Date lnstalled: 4-22-97

Surface Condilions: Concrete

ller:
hole

CT. Cunirg'
SS - Splil.Spoon

WA - Wrl Smrple

CC - Contiruour Cor
x.X . Ioct Corr
S'I'- Sbdby Tubc

Sanrple Type

DESCRIFTTION (n
U
U)

tr-
fitL
oo

!n
!

c. ru
cSto

o).:c
o
c
(I)
6

ML

CL

0.0

0.0

Y

Y

0-4

+75

CC

CC

0-?" Concrele 2-l" Gravel Fill Material

SILT, browr, rvith trace clay and gravel, dry

CLAY. reddislr brown. with clrerty gravel, slighr solvent odor. dry, stiff.

Geoprobe Reftrsal at 7.5' 8

9

l0

lt
t2

l3

l4

t5

l6

t7

t8

I9

20

21

22

23

24

25

nfor
!sTh holbore rvas for caprepared arrcUor roenvl assessnnrentalrogeolhvd ogl nrent nda notdoes rilnecessapurposes v

nar nt lonat esuitabl fo a ntIr CA t't Iassess r)le oI te Boregeotec rbsu condrface rorls. hole adat res ,l e onrequ rpretal
esDanr Moore& ne before use hersolby person by



o

PROBE ID P-6
Monitoring Well Data

Pipe: NA
Screen: NA

Slot: NA
Sand: NA

Datum:

Ground Surface:

easuring R:
of Casing:

Project : Geoprobe I nvesti gation

Location; Carndenton. Missouri
Driller: Roberls Environntental Drilling. lnc
Borehole Logged By: Miesche Francis
Drilling Metlrod: Ceoprobe
Date Installed' 4-22-97

Surface Conditions: Concrete

Client: Modine Heat Transfer
Nunrber: 27397-005-045

t'T . Cuttirgs
SS - Split Spooo

\vA - WEh Surrlc

Sanrple Type

Tobc

CC - Continuour Con
RX .l'*l Corc
sT.

DESCRITTION
an
U
U)

=

tr-
cd

br)

L o.q)
a

a.
o.

z
rt)

A
(!
e
o)

(l)
.vc
o
c
o)
co

0.0 Y 5"-3.s', CC

0-5" Concrele

SILTY CLAY, reddish browr grading ro brown. u,irh clrerry gravel,

dry.

Geoprobe Refusal at 1.5'

CL

4

5

6

7

8

9

t0

u
t2

r3

l4

r5

t6

l7

l8

t9

20

2l

22

23

24

25

Note: This borehole was prepared for hydrogeologrcal and./or environnrental assessnrent purposes and does not necessarily
contain irtforntaliort srritable for a geoteclrllical assessrrreut of tlre subsrrrface conditions. Borehole data requires interpretation
by Danres & Moore lrrsonnel before use by others



PROBE ID P-7

Monitoring Well Data

Pipe: NA
Screen: NA

SIot: NA
Sand: NA

Elevation:

Daturn:

Ground Surface:

Measuring Pt:

of

Client: Modine Heat Transfer
Project Nunrber: 27397 -005-045

Project: Geoprobe I nvestigation

Locatiorr: Camdenton. Missouri
ller: Roberts Environmental Drilling. luc

Drilling Method: Geoprobe

Date Installed 1-22-97

Surface Conditions: Corrcrete

hole Logged By: Miesche Francis

LT ' Cuttir3r
Ss - Sl{it .spoon

WA - W6h Surple

Sarnple Type

.\T

CC . Continrour Corr
l(X - Rocl Core

DESCRIlrTION (a)
U
ar)
3

o.
C!

e0

(J
o

c-c.
o
o
c-

a
(-)

6U

e
OJ

o)
.zc
o
co

co

CL

ML

4l

7.4

Y

Y

6'-4.5',

4-5.5'

0-6" Concrete

CLAY, reddish browr, rvith cherty gravel grlding to grey. oil-y ancl

greasy, rvith clrerty gravel, slrong petroleuru odor. dry. soft

SILT, brown, with abrrndant gravel

Ceoprobe Refusal at 5.5' 6

8

9

l0

lt
t2

r3

t4

t5

t6

l7

l8

l9

20

2t

?2

23

21

25

CC

CC

hT s leborelro wasol hfor tla dro n rolvl rl l ntale ltlprepared ogeo.Ydr logica assess nle and does nolrposespU necessan ly
atinforrrr on forsuitable a icalII ofissessnlenl h e srrbs condturfacegeotech ons Borelrole data res n e lorlatrequ rpret

sDanre Moo& re rte usebefore eIrotbY rs.by rxrson



PROBE ID P-9
Monitoring Well Dara

Pipe: NA
Screen: NA

Slot: NA
Sand: NA

Measuring Pt:

T of

Surface:

Clrerrt: Modine Heat Transfer
Boject Number: 2?39'1-005-045
hoject: Ceoprobe lnvestigation
Location: Canrdenton, M issouri

Driller: Roberts Environmental Drilling, lnc
Borehole Logged By: Miesche Francis
Drilling Method: Geoprobe

Date Installed: 4-22-97

Surface Conditions. Concrete

Cl . Cuttiqs
SS - Splil S|'oon

VA . Wst Surplc

CC - Continus Corc
RX - Roct Corc

ST - Shdby Trbc

Sanrple Type

e

DESCRIfl'ION G,

o0

(l

c-

2
U
o.

o
U

-o
s

(!
a() oc-

o
.!c
o
c
0)

c0

0-4" Concrete

CLAY, reddish brown, wilh cherty gravel gradirrg to brorvrr silty clay

rnoist, soff.

SILTY CLAY, brown, sof1, nroist grading ro wer al 6.0'

CL

0

I

2

3

4

5

6

0.0

5.5

Y

Y 4-7

0-4 CC

cc

Ceoprobe Refusal at 7.0' 7

8

9

l0

ll
t2

l3

t4

l5

t6

l7

t8

r9

20

2t

22

23

24

25

Nore.

contai

by Da

This boreltole was prepared for ltvdrogeological and/or envirolrnrerrtal assessnrenl purposes and does not necessarily
n inforrllation suitable for a geotechnical assesslnent of tlre srrbsrrrlace conditions. Borehole dara requrres interprelation
lnes & Moore personrrel before rrse by others



PROBE ID P-IO
Monitoring Well Data

Pipe: NA
Screen: NA

Slot: NA
Sand: NA

Elevation:
Datum:

Cround Surface:

Measuring R:
of Casing:

Client: Modine Heat Transfer
Project Nunrber: 2'1397 -005-045
Project: Geoprobe I nvestigation

Location: Canrdenton, Missouri
ller; Roberts Environnrental Drilling, lnc

Drilling Metlrod: Ceoprobe

Dale Irrstalled. 4-22-97
Surface Condit ions: Concrete

orehole Logged By: Miesche Francis

(:l.. lsrtint{
SS . SDlil Spootr

WA - Wrrb Srrrple

Sanrple Type

Ttbr

CC - Continroor Core

RI - l'cl Corc

sT.

e

DESCRIrfION (t)
Ua
D

c.(!
al)

r c.
q)
o

o.
c-

2
o

o
()
c- €t()

o
.=
C
o
c
(D

@

0-T" Concrete

CLAY, gray grading to reddislr brown, witlr cheny grrvel, dry. soft

grading to stiff.

SILTY CLAY. reddish brown, rvith clrefly gravel. dry. sriff

Sanre as above.

CL

0

I

2

3

I

5

6

7

8

9

l0

2.8

20.3

2.1

Y

Y

0-4

4-8

8-l I

CC

CC

CC

Ceoprobe Refusal at I 1.0' II

l2

l3

l4

t5

l6

l7

l8

t9

20

2l

22

23

24

25

for ical

Thi \vasborehole red for cal llrl endlor rorrnrenlalvlprepa hydrogeo logi ssessn)enla a doesnd nol necessanpurposes v
larn nfonnal suon leitab a assessr llllte of stIre rbsrrgeolechrr rfuce rlcorrd lor oreB h ol datae res n e re tonareq rp

&Danres Moorebv beforersonnel use o h rsrrc b.y



Exhibit 2-5

1997 SIA/N{U 2Boring Logs



Client: Modine Heat Trarufer, Inc.
Project Number: 27397 430445
Project: Mud Pit Geoprobe Investigation
Location: Camdenton, Missouri
Driller: Robert's Envi ronmental Drilling, Inc.
Borehole Logged By: Miesche Francis
Drilling Method: Geoprobe
Date Installed: September 3,199'l
Surface Conditions: Concrete

0-4 CLAY, yellowish red, with cherty gravel, sofl, nroist.

4-8 CLAY, yellowish red, with chefty gravel, wet at 6', grading to

grey CLAY, sti.E with black stringers and cherty gravel grading

to dark reddish brown CLAY with cherty gravel at the base.

8-10 CLAY, dark reddish brown, with cherty gravel, hard.

End ofprobe at 10.0'

Note: This borehole was prepared for hyfuogeological and/ot environmental assessment purposes and does not necessarily
contain information suitable for a geotechnical assessmcnt ofthe subsurface conditions. Borchole data requires interpretation
by Dames & Moore personnel before use by others.

PROBE ID P.I
Monitoring Well Data

Pipe: NA
Screen: NA

SIot: NA
Sand:NA

Elevation
Datum:NA
Cround Surface: NA
Measuring Pt: NA
Top of Casing: NA

CT.Cuqir8r CC-ContinuuCG
Ss.Splitspm RX_RctCm
$r'A. Wuh Surph qI. $rfbvnrbr

Sample Tlpc

Sample

DESCRIPTION
a
fi,
h0

g
(n

E
5:)z
E
o
UJtz
oFz
u,
co

tro
iL)

o.
o
L)

CL 0

I

)

3

4

5

6

7

8

9

,tr
e
o.e
B

6.9

16.6

22.O

N

N

Y

!!I
C)

tr

0-4

4-8

8- I0

q)g
F
CC

CC

cc

1I

t2

l3

l4

l5

t6

l7

l8

t9

20

2t

22

23

24

25

t0



PROBE ID P.2
Monitoring Wcll Data

Pipe: NA
Screen: NA

Slot: NA
Sand: NA loI

Client: Modine Heat Transfer, lnc.
Project Number: 27397 -010445
Project: Mud Pit Geoprobe Investigation
Location: Camdenton, Missouri
Driller; Robert's Environmental Drilling, Inc.
Borehole Logged By: Miesche Francis
Drilling Method: Geoprobe

Date Installed: September 3,199'l
Surface Conditions: Grass

CT. Cufrinp
SS- Spl,ilStm
WA - Wsh Srmplc

CC - Coilitrw Cq.
RX- Rct Cd!
ST- ShclbryTub!

Sample Tlpe

Sample

DESCRIPTION tn
(J
a)

>.
A
fit
hb

d
a

,d

o.
0,)

A

eae
z
o

g
o
()
o.
tro(J

p
(\t
J

d
e
o)
tr Ht-

tr
5
f2
tr
CI
uF
z
oFz
ul
m

0-4 CLAY, yellowish brown, with cherty gravel, soft.

4-8 CLAY, yellowish brown grading to dark reddish brown, with abundant

cherty gravel, moisl.

8-10 Same as above with an abundant amount of chert.

CL 0

I

2

3

4

5

6

7

8

9

I 1.7

4.5

7.5

Y

N

N 8-10

0-4

4-8

End ofprobe at 10.0' l0

ll
12

l3

l4

l5

l6

t1

l8

l9

20

2t

22

23

24

25

Elevation
Datum: NA
Ground Surface: N

Pt: NA
NAof

Note: This borehole was prepared for hydro8,eological and./or environmental assessment purposcs and does not necessarily
contain infornution suitable for a geotechnical asscsslncnt ofthe subsurface conditions. Boreholc data requires interpretation
by Dantcs & Moorc pcrsonncl bcforc usc b,r' othcrs.

cc

CC

c^



Client: Modine Heat Transfer, Inc.

Project Number: 27391 430445
Project: Mud Pit Geoprobe Irwestigation
Location: Camdenton, Missouri
Driller: Robert's Environmental Drilling, Inc.

Borehole Logged By: Miesche Francis

Drilling Method: Ceoprobe

Date Installed: September 3,199'7
Surface Conditions: Soil

PROBE ID P.3
Monitoring Well Data

Pipe: NA
Screen: NA

Slot: NA
Sand: NA

Elevation
Datum: NA
Ground Surface: NA
Measuring Pt: NA
Top of Casine: NA

Sample Type
CT'Cuttugr
Ss. Spbl SpM
WA - Wsh Suplc

CC. CmtnmBC$
RX - R&&CG
ST. Shclbv Tirl*

DESCRIPTION a
U
(A
D

>\
q
C!

bo

(,
}]a

€
o.o
A

q
I
7o

o
()
o.
Eo(J

Sample

!(l
J

(l
eo
Q

8.>\1;

0-4 CLAY, yellowish brown, with organic material (wood), soft, moist,

4-7 CLAY, yellowish brown, with cherty gravel, dry

cherty gravel, moist.

CL 0

I

2

3

4

5

6

16.6

20.2

tr
5
f
z-

E
o
ruF
z
oFz
IU
E)

N

Y

04

4:7

CC

cc

End of probe at 7.0' due to refusal 8

9

l0

ll
l2

l3

l4

l5

l6

1',l

I8

l9

20

2t

22

2l

24

25

Note: This borehole was prepared for hydrogeological and/or environmental assessment purposes and does not necessarily

contain information suitablc for a geotechnical assessment ofthe subsurfacc conditions. Borehole data requires interpretation

by Damcs & Moore pcrsonnel before use by othcrs.



PROBE ID P-4
Monitoring Well Data

Pipe: NA
Screen: NA

Slot: NA
Sand:NA

Client: Modine Heat Transfer, Inc.
Project Number: 27397 -030445
Projea: Mud Pit Geoprobc Investigation
Location: Camdenton, Missouri
Dri I ler: Robert's Envi ronmental Drilling, I nc.

Borehole Logged By: Miesche Francis
Drilling Method: Geoprobe
Date Installed: September 3,1991
Surface Conditions: Soil

CT. Cuhingr

SS. Sp[t Spot
WA - Wuh Srmplc

CC.CortinruCqo
RX. Roflcm
ST- Shcl,vltb.

Sample Tlpe

Sample

DESCRTPTION a()
(n
3

>'
q
E
bo

fitli
a

€
o.
0,o

Er
t9

Fo

o
G'

A
Eo

C)
-o!!
J

al
E
G> E.

E.
J
fz
tr
o
IJJ

tszoFz
L,
co

04 SILTY CLAY, yellowish brown, with cherry gravel, soft. moisr

4-8 CLAY, reddish brown, with trace gravel and black stringers, hard, nroist,

with slight solvent odor.

8-10 Same as above.

CL 0

I

1

3

4

5

6

7

8'el

1.5

45.0

59.5

N

N

Y 8-10

0-4

4-8

End of probe at 10.0' l0

ll
t2

l3

l4

l5

l6

t7

l8

l9

20

2l
)1

23

24

25

( NA
Surface: N

Pt: NA
of NA

Note: This borehole was prepared for hydrogeological and/or cnvironnrcntal asscssment purposes and does not nccessarily
contain infonnation suitable for a geotcchnical ixsessrncnt of the subsurfacc conditions. Borcholc data rcquires intcrprctation
by Dames & Moore personnel before use by others.

CC

cc



(

PROBE ID P.5
Monitoring

Pipe: NA
Screen: NA

Slot: NA
Sand: NA

WellData Elevation
Datum:NA
Ground Surface: NA
Measuring Pt: NA

of NA

Project Number: 27397 43A{,4S
Project: Mud Pit Geoprobe Investigation
Location: Camdenton, Missoun

Borehole Logged By: Miesche Francis
Drilling Method: Geoprobe
Date Installed: September 3,1997
Surface Conditions: Grass

Client: Modine Heat Transfer, Inc.

Robert's Environmental Drilling, Inc.

Sanrple'Ilpc

WA.WBh

CC.CmbntroCm
RX. Rel Cqc

CT - Cutthgr
SS . Splii Spootr

DESCRIPTION
a(t
bD

(!
a

/:
€ o.g

ao
q)
q

o()
04 SILry CLAY, yellowish brown, with gravel, dry CL 0

I

2

3

0.3 IUF
z
oF
tu
ro

N o4 cc

6

,7

8

9

l0

lt
t2

l3

l4

l5

l6

t7

l8

t9

20

2t

22

23

24

25

4

5

End of probe at 4.0' due to refusal.

Note: This borehole was prepared for hydrogeological and/or
contain information suitable for a geotechnical asscssment of
by Darnes & Moore personnel bcfore use by others.

environmental assessmcnt purposes and does not necesarily
the subsurface conditions. Borehole data requires interpretation



PROBE ID P{
Monitoring Well Data

Pipe: NA
Screen: NA

Slot: NA
Sand:NA lo

CT- Cutting
SS - SCil sp@0
WA . Wuh Ssnpk

CC-CmErruC6.
RX . RGt Cm
ST. Shdbvfubc

Samplc Tlpc

Sample

DESCRIPTION a()
(n)

>r,1g(!
bo

(l
l{

(r',

,tr

q
0)o

Eq
I
Fo

Eo
0,)

a
oo

-o
_5

d
e
G)

c E.
€

&
5
fz
d
o
UJF
zoFz
lU
m

04 SILTY CLAY, yellowish brown, with trace gravel and grey stringers,

soft, moist.

4-8 CLAY, reddish brown, with cherty gmvel, very hard, slight solvent odor.

8-9 No recovery

CL 0

I

2

3

4

5

6

7

8

3.3

6.3

N

Y

0-4

4-8

End of probe at 9.0' due to rcfusal 9

l0

ll
t2

l3

l4

l5

l6

l7

l8

l9

20

2l

11

23

24

25

(

Client: Modine Heat Transfer, Inc.
Project Number: 2'7391 430445 Elwation

Datum: NA
Ground Surface: NA

Mud Pit Geoprobe Investigation
Camdenton, Missouri

Robert's Environmental Drilling, Inc Pt: NA
NALogged By: Miesche Francis of

Drilling Method: Geoprobc

Date Installed: September 3,199'7
Surface Conditions: Soil

Note: This borehole was prepared for hydrogeological and/or environmental assessment purposcs and does not necessarily
contain information suitable for a geotechnical assessmcnt of the subsurface conditions. Borehole data requires interpretation
by Dames & Moore personnel before use by others.

f

CC

CC



Client: Modine Heat Transfer, Inc.
Project Nunrber: 27397 430445
Project: Mud Pil Geoprobe Investigation
Location: Camdenton, Missouri
Driller: Robert's Environmental Dri lli ng, I nc.
Borehole Logged By: Miesche Francis
Drilling Method: Geoprobe

Date Installed: September 3,1997
Surface Conditions: Gravel

PROBE ID P.7B
Monitoring Well Data

Pipe: NA
Screen: NA

Slot: NA
Sand: NA

Elevation
Datum:NA
Ground Surface: NA
Measuring Pt: NA
Top of Casing: NA

Sample Tlpe
CT. Cuttngr
SS. Sp[l Spmfl
WA - Wuh Srmplc

CC. Cor*irBE!.Cm
RX - Rct Corr
Sr. $r,k 1!b!

DESCRIPTION (A
ov)
5

acl
h0

G'b(/)

ci

a
o)o

eae
a
(f

o
Et(,)

r
o
U

Sample

!
s

(t!

E(l) &>i
t<

04 SILTY CLAY, yellowish brown, with trace gravel, slight solvent odor,

approximately 3" grey silt layer at 3.0,.

CL 0

I

2

3

3.3 u,F
z
oFz
ul6

Y 0-4 CC

End of probe at 4.0'due to refusal. 4

5

6

1

8

9

l0

It
12

l3

t4

l5

l6

l'l
l8

l9

20

2t

22

23

24

25

Note: This borehole was prepared for hydrogeological and/or cnvironnrcntal assessnrent purposes and does not necessarily
contain inforntation suitable for a geotechnical asscssntenl ofthc subsurface conditions. Borehole data requires interpretation
by Dames & Moore personnel bcfore use by others.



(

i
\

Datum:NA
Ground Surface:

Measuring Pt: NA
of Casi NA

Note: This borehole was prepared for hydrogeological and/or environmental assessment purposes and does not necessarily

contain information suitable for a geotechnical assessment of the subsurface conditions, Borehole data requires interprctaLion
by Dames & Moore personnel before use by othcrs.

PROBE ID P-8
Monitoring Well Data

Pipe: NA
Screen: NA

Slot: NA
Sand: NA

Client: Modine Heat Trander, Inc.
Project Number: 27391 430445
Project: Mud Pil Geoprobe Investigation
Location: Camdcnton, Missouri
Driller: Robert's Environmental Drilling, Inc
Borehole Logged By: Miesche Francis
Drilling Method: Geoprobe

Date lnstalled: September 3,199'7
Surface Conditions : Gravel

CT. Cultit|tr
SS - SCitSp6n
WA.Wrh Srrnplc

CC. Canlimu CrG
RX.n&lCm
ST - Sh.th{I\bc

Sample 1}pe

Sample

DESCRIPTION (a
o
u)5

q
.('k
60

(!

t')

ei

a
c,a

Eag

o

o
i)
&
o(J

D
s

d
Eo
tr

E.
T<

04 CLAY, grey, with trace gravel, soft. CL 0

I

2

3

UJF
z
oFz
tU
(D

8.1 Y 0-4 CC

End of probe at 4.0'duc to refusal 4

5

6

7

8

9

l0

ll
t2

t3

l4

l5

l6

t1

I8

t9

20

2l

22

23

24

25



Client: Modine Heat Trander, Inc.

Project Number: 27397430445
Project: Mud Pil Geoprobe Investigation
Location: Camdenton, Missouri
Driller: Robert's Environmental Drilling, Inc.
Borehole Logged By: Miesche Francis

Drilling Mcthod: Geoprobe

Date Installed: September 3,199'7
Surface Conditions: Concrete

PROBE ID P-9
Monitoring Well Data

Pipe: NA
Screen: NA

Slot: NA
Sand:NA

Elsvation
Danrm: NA
Ground Surface: NA
Measuring Pt: NA
Top of Casing: NA

Sanrplc Type
C-T. CutEBr
SS - Sptl StFq
WA. WEh Sutrdr

CC . Contiru! Corc
RX. Rfttr CdG
Sf . $relbvTbbt

DESCRIPTION U)
O(n

q.
(\t

bI).E
RI
tsa

,Ei

E
A
0)o

C
tsag
z
o

o
o
a
Eo(J

Samole

.o
s

((l

E()2 ts
F-

0-4 CLAY, reddish brown, with trace gravel, soft, moist.

4-6 SILTY CLAY, reddish brown, with trace gravel, soft, moist.

CL 0

I

2

3

4

5

6

0.3

3.9

tUtz
oFz
IU
(D

N

Y

0-4

44

CC

CC

End of probe at 6.0'due to refusal. 7

E

9

l0

ll
t2

I3

l4

l5

I6

l7

l8

l9

20

2l

))

23

24

25

Note: This borehole was prepared for hydrogeological and/or environmental assessment purposes and does not necessarily

contain information suitable for a geotechnical assessment ofthc subsurface conditions. Borehole data rcquires interpretation
by Dames & Moore personnel before use by others.



Exhibit 2-5

2001. SUflVIU 4 and SI /N{U 5 Boring Logs



SOIL BORING LOG BoRTNG NUMBEB: sB-2e

PFOJECT: MODINE MANUFACTURING COMPANY

ELEvAnON: NOT SUBVEYED

OBILLING METHOD: GEOPFCBE (VA l I,TOUNTED)

WATER LEVELS: NO WATEF

PBOJECT NUMBER 1 685.15-SC.IN

LOCATION: CAMOENTON, MO

OBILtING CONTRACTOB: INNOvATIVE PROBING SOLUTIONS

START: t3oo l'l/lzol FINISH: l3?5 LOGGEB: J KEt,rlEDY

SOIL OESCFIPTION

DEPTH OF CASING. DRILLIT.IG RAIE.
DRILLINO FLUID LOSS. TESTS AND

INSTRUMENTATION

*l

3oJ
l!
co
IF
o-
Uo

Fr
trl
(J

u
tr)o
I

2

3

I

5

b

7

8

I

10

1l

1?

13

IJ

15

t6

17

't8

19

20

zt -i
22))
8)

-1

24 -1
'i

?5 -t
-l

26 --r
-l

,r 
1,

28 -j
1

29 -.1

I
30 -l

I
31 '

0'.4.0'

oP2 2.O 25.0

E.O' ..IO.O.: SAME AS O.5L?,0'WITH DAFKEB
GFAY MATERIAL MIXEO,

COLLECT SAMPLE MGSB29.8.OIO,O
AT r320

END OF BORTNG @ r0.0'BGS (BEOROCK).

32

33

34

3s

SAMPLE

ts
li

J

t
UJ
F
z

oz
.Eu9u
39zj^

DP1 2.0 0.5'- 4.0': CLAY (CL), WTH SILT, FILL
MATEBIAL. ORANGE W]TH BLACK AND GRAY
DBY, LOOSE.

SOIL NAME, USCS GROUP SYMBOI, COLOR,
i/OISTUHE CONIENT, RELAIIVE 0ENSITY OR

CONSISTENCY. SOIL STBUCTURE,
MINERALOGY

trl!
oo
tu((

15,6

15.9

STANDAFID
PENEIFATION

TEST AESULTS

PrO
HEAOSPACE

(PPM)

4.0' .8,0'

4.0' .8.0': SAME AS 0.5a2.0'

8.0'.r0.0' oP3 2.0 702

i
I



SOIL BORING LOG BORING NUMBER: SB-30

PROJECT: MOOINE MANUFACTU FING COMPANY

ELEVAIION; NOT SURVEYEO

DRTLUNG MEIHOO: GEOPROBE (vAN MOUNTEO)

WATER LEVELS: NO WATER

PROJECT NUMBER I68545.SC.IN

LOCATION: CAMOENTON. MO

DRILLING CONTFACTOR: INNOVATIVE PROBING SOLUTIONS

START: 1335 1l/1e01 FINISH: t400 LOGGER: J (ENNEOY

SAMPLE

vr
Hg
I<FUC.E
IU:o6

SOIL DESGBIPTION

{GRAVEL}*.
0"5' - 4.0': CLAY (CL), wlTH SILT, FILL
MATERIAL, ORANGE WITH BLACK AND GRAY
ORY, LOOSE.MEDIUM.

4.0' - 8.0': SAME AS 0.514.0'

8.0' ' t0.O: SAME AS 0.s'.4.0'WITH GBAY
(MOFE) MIXEO lN.

ENO OF SOETNG @ 10.0'BOS (BEOROCK).

DEPTH OF CASING, OBILLING RATE
ORILLING FLUID LOSS. TESTS ANO

INSTRUMENTATION

COLLECT SAMPLE MO.S('O.8,OI O,O
AT 't 352

1

2

3

4

I
7

8

3.9

1.2

8.0'- 10.0' r8.0

10

11

r2

't3

14

15

16

17

IE

l9

?o -_

?1 -.

22-

23-

zo-

25

?6

27

2A

?9

30

31

J2

Il
34

35

STANOARO
PENETFATION

TEST FESULTSF
I
J

CT
l!
Fz

(1
z
{r
u,

-6u<o
2l

SOIL NAME, USCS GROUP SYMBOL, COLOFI,
MOISTUFE CONTENT. BELATIV€ OENSITY OB

CONSISTENCY, SOIL STRUCTUBE,
MINEBALOGY

0'.4.0' oPt

c
IJJ

oo
lt
CE

4.0

PID
HEADSPACE

{PPM)

4.0'- 8.0' DP2 3.5 t2.5

oP3 2.0

I



SOIL BORING LOG BOFING NUMBER: SB-32

PROJECT: TrcOINE MANUFACTURING COMPAI'IY

ELEVATION: NOT SUBVEYED

OFILL,NG METHOO: GEOPFTOBE (VAN MOUMIEO)

WATER LEVELS: NO WAIER

PROJECT NUMBEB 168545.SC,IN

LOCATION: CAMDENTON. MO

DRILLING CONTRACTOR: INNOVATIvE PROBITIG SOLUTIONS

START; l4I5 1 l/1201 FINISH: 1430 LOGGER: J KENNEOv

oz
(r
U
@...

);zt-

0'" 4.0' oPt

4_O',.7.O'. DP2

SAMPLE SOIL DESCBIPTION

SOIL NAME, USCS GFOUP SYMBOL, COLOFI.
MOISTUFE CONTENT, BELATIVE DENSITY OB

CONSISTENCY. SOIL STHUCTURE,
MIN€MLOGY

0 5'-,1.0': CLAY (CL), WITH SILT, FILL
MATERIAL. ORANGE WITH BTACK AND GRAY,
ORY, LOOSE.MEDIUM,

END OF BOH,l,lG O 7.0'BGS (BEOFOCK).

DEPTH OF CASING. OHILLING BATE
ORILLING FLUID LOSS, TESTS AND

INSTRUMENTATION

COLLECT SAMPLE I$O.SB3?.5.0'.0
AT 1430

F
tL
J

tLu
Fz

3.^qtr
HH-<ETir(rr!)AU'

CE
lt
o
IJJ
[(

STANDARD
PENETBATION
TEST RESULTS

Pto
HEAOSPAGE

(PPM)

-1
-.{

--.i
-l

I
_l
.l

.-l

I

2

3

I

5

I

7

8

9

r0

1l

'l?

13

17-
t

'd'1-.1
19r

20-j
i2t1
-1

221

2s"1
-J

?4 -1

25 -1
-l

261
"!,,:

28-i
J

2sJ

30l
-.1

31 -l
-i

32 -1
-t

33r
I

34 --.1

J
3s -l
-- --_L_ _ -

/r.0

14

r5

16

I

I

I

l

i

i

4.0 .7.0': SAME AS AAOVE (0.5'-4.0).



SOIL BORING LOG BORING NUMBEB: SB-34

'(

PROJECT: trrODlNE MANUFACTURING COMPANY

ELEVATION: NOT SURvEYED

DRILLING METHOO: 6EO280BE (VAN MOUNTEO)

WATER LEVELS: I'lO wATER

PBOJECT NUMBER 1685.15.SC, IN

LOCATION: GAMOENTON. MO

DRILLING CONTRACTOR: INNOVATIvE PBOBING SOLUTIONS

STARf: t440 llllaol RNISH: 1500 LOGGEB: J (ENNEOY

DEPTH OF GASII{O. DBILLII'IG RATE,
DFILLING FLUIO LOSS. TESTS ANO

INSTBUMEMTATION

COLLECT SAMPLE MO.S83+3.95.5
AT 1500

ENO OF BOR|I'|G 0 5.s' BGS (BEOHOCK).

0.0

50.0

SAMPLE SOIL OESCFIIPTION
STANDASD

PENETHATION
TiST FESULTSB.-

9E
tsg
I<Flrc(r
IJJ 

=d.t

E
d
art!l-z

o2
tr
ul

3uIt

at
l!

oo
U
G

Pro
HEADSPACE

(PPM)

SOIL NAME, USCS 6ROUP SYMBOL. COLOR,
MOISTUBE CONTENT. RELATIVE DENSITY OR

CONSISTENCY, SOIL STFUCTUBE,
MINEMLOGY

- 0 0'O 5': BOAOBASE IGRAVELI.
o.4.o DPI 4.O 0.5' . {.0': CLAY (Ct), OBANGE, DRY, MEolUM.

POSSIBLE NATIVE MA'ERIAL.

4.0' .5.5', ,.5oP2 5 t.3
4.0'" 5.5': SAME AS ASOVE (0,5'.4.0)

1

2

3

4

6

6

I

10

ll

12

13

lrl
't5

t6

l7

1E

t9

^--
2t --

22-.

?3--

24-

25-

,r:.
2f-
28-

"r--1

30 --j
I

3l-
-l

32)
-.i

{
331

.J

34

35



SOIL BORING LOG BORING NUMBER: 58-36

PBOJECT: MOOINE MANUFACTUBING COMPANY

ELEVATION: NOT SUFVEYED

DRILLING IIETHOO: GEOpROBE (VAN t/loUr.rTEO)

WATER LEVELS: NO WATER

PBOJECT NUMBER I68545 SC IN

LOCATION: CAMDENTON, MO

DBILLING CONTBACTOR: INNOVATIvE PROBItIG SOtUTIONS

START: 1520 'l1rl?01 FINISH: 1540 LOGGEB: J KENNEOY

F
I
J

CE
U
F
Z

oz
Gu
-o trJ

3*zt

TE
1!

oo
uJ
G

PID
HEADSPAcE

(PPM)

0' r.5' OP 4.5 0.0

3,0

80

SAMPLE SOIL OESCFIPTION

SOIL NAME, USCS GROUP SYMBOL. COLOR,
i,OISTUFIE CONTENT, FELATiVE DENSITY OR

CONSISTENCY. SOIL STBUCTUAE.
MINEFALOGY

OEPTH OF CASING, DBILLING RATE,
DRILLING FLUIO LOSS. TESTS ANO

INSTRUMENTATION

COLTECT SAMPLE MO.SB3&2,5/4.5
AT 1540

STANOARO
PENETBATION
TEST RESULTSi.^

9E
H8
.<
FLI(rur)ou,

1

2

3

4

5

e

7

I
9

l0

tl
12

't3

14

15

t0

17

t8

,9

20

21

22

23

24

?5

26

27

28

ao

30

31

32

33

3,1

35

0.5' - 4.5'; SILTY CLAY
OBAY MIXED IN, DRY.
NATIVE MATEBIAL,

(cuML), oRANGE. SOMI
LOOSE, POSSIBLE

ENO OF BORING @ 4 5'BGS (BEOROCK).



SOIL BORING LOG BORING NUMBER: SB-37

PROJECT: t'lODlNE MANUFACTURING COMPAN /
ELEVATION: NOT SURVEYED

DFILLING METHOo: GEOPROBE (vAN TvIOUNIED)

WAIER LEVELS: tlo WATER

PROJECT NUMBEF I68545 SC.IN

LOCAIION: CAMOEMTON, rrO

DBILLING CONTRACTOR: INNOVATIVE PROBING SOLUTIONS

STAnT:1540 ll/lz0l FINISH: 1558 LOGGEF: JKENNEDY

SOIL DESCHIPTION

DEPTH OF CASIIA, DBILTING RATE,
DBILLING FLUIO LOSS, TESTS AND

INSTBUMENTATION

COLLECT SAMPLE MGSB37.O,O/I 5
AT 1555

ENO OF BORrirG O r.5' BGS (BEDFOCK).

-i 0' . 1.5' 0.0

5.8I

2

3

4

5-

6

..
n.

t0-
t1-

12-

r3

t4

,5

t6

17 -1

l

tt 
_

tr:
?0-.

21 -_

"r:,:
za-
25-

,u-
27 "-

28:-

29 --

*-
3r -
32--

33

34

35

EAMPLE

F
L
J

cc
u,
Fz

inof,
H3
I<FU&EUfd6

oz
tr
uJ9u
=o-J>z;

E
tt,

o()
IJJ
cc

STANOABO
PENETFATION

TEST BESULTS

PtO
HEAOSPACE

(PPM)

SOIL NAME, USCS GROUP SYMBOL. COLOB.
MOISTUBE CONTENT. RELATIVE DENSITY OR

CONSISTENCY. SOIL STRUCTUFIE,
MINEHALOGY

o n'.o q, Roana[qF lilFtavFr roP1 r.5
(cuML), oRANGE, SOMt
LOOSE, POSSIBLE

0.5'- 1 5': STLTY CLAY
GRAY MIXED IN, DBY,

_.1_ L____



ISOIL BORING LOG BoRTNG NUMBER: sB.40

PBOJECT: MODTNE MANUFACTUFTING COlrlPAl,lY

ELEVATION; NOT SURVEYED

ORILLING METHOO: GEOPBOBE (VAN MOUNTED)

WATER LEVELS: IIO WATER

PROJECT NUMEER I68545,SC.IN

LOCAIION: CAMOENTON, MO

ORILLING CONTRACIOR: INNOVATIVE PROgING SOLUTIONS

STARI: 1630 I l/tuol FINISH: 1il0 LOGGER: J K:, iNED i

3.^
gtr_

Hg
I<
FTC(rurlao

Pto
HEAOSPACE

(PPM)

SOIL OESCRIPTION

SOIL NAME. USCS GROUP SYMEOL, COLOF,
i,IOISTUFE CONTENT. BELATIVE DENSITY OB

CONSISTEIIICY. SOIL STRUCTURE,
MINEEALOGY

0-s' - 4.0': CLAY WITH SILT (CUML). ORANGE
WITH GRAY. BLACK, OBY, MEDIUM

Er.lo OF BOBTNG O 4.0',BGS (BEDnOCK),

OEPTH OF CASING, OBILLIAIG RATE.
ORILLING FLUIO LOSS. TESTS AND

INSIBUMENTATIOI.I

COLLECT SAMPLE MO,S84G2.O/4.0
AT 1640

'J
)

t

2

3

4

5

6

7

I
9

t0

1l

1?

t3

14

l5

16

17

't8

l9

20

21

?2

23

24

25

28

27

2g

29

30

3r

32

33

34

35

0.0

r00

40.0

SAMPLE
STANOAHD

PENETBATION
TEST RESULTSE

G,
UJF
Z

oz
CCu
9u4LJ>2ts

c,
U
oo
u,
CC

0'..1.0' DPl 4.0



SOIL BORING LOG BOBING NUMBEB: SB-49
I

l

PROJECT: irOOlNE ltl :.NUFACTUBINO COMPAI.IY

ELEVATION: NOT SUBVEYEO

ORILLING METHOD: GEOoBOBE (VAN MOUNTEO)

WATEF LEVELS: ilo WATEB

PROJECT NUMBER 16E545 SC.IN

LOCATION: CAMDENfON. MO

DBILLING CONTRACTOB: INNOVATIvE PBOBING SOLUTIOTIS

START:1120 Ili 13/01 FINISH: 1140 LOGGER: J KENNEOY

ie
Bg
I<FIr(fU:)
O .1,

4.0' - 8.0'

8.O'- t2.5' oP3

STANDARD
PENETRATION
TEST BESULTS

Pto
HEADSPACE

(PPM}

7.8

(r
lrJ

ool!
tr

oz
E
U
9u:
3qzl

SOIL DESCRIPTION

SOIL NAME. USCS GBOUP SYMBOL, COLOF,
MOISTUBE CONTENT, EELATIVE OENSITY OR

CONSISIENCY, SOIL STRUCTURE.
MINERALOGY

OEPTH OF CASIIIG. ORILLING RATE,
ORILLING FLUID LOSS, TESIS AND

INSTBUMENTATION

COLLECT SAMPLE MO.SB491O YI2,5
AT 1140

)
I

2

0 5' -.1 0 : CLAYWITH SOME SILT (CUML),
OABKGBAY DRY.STIFF.

,l 0' - 5.0': SAME AS AAOVE (0.5'-r,0').

6.0' .8.0': CLAY WITH GRAVEL (CUGP),
ORANGE, LOOSE, DRY.

E 0' - 12.5 : SAME AS6-0'$.0'

ENO OF BORTNG @ 12.5'8GS (BEORO6K)

-l
--l

_l
",]

--.1

:l
--l

-l
.rl

l
:
-t-
--1

.i
..
:

4

5

6

7

I

I

t0

1l

12

't3

l4

15

16

't7

,8

r9

20

?1

22

24

?5

26

27

2A

29

30

3l

32

33

3d

35

SA,\,PLE

0'.4.0' DP'l

E
J

(r
lr,
Fz

4.0 0.0

4.3

oP2 10 5S

{.5



SOIL BORING LOG BoRTNG NUMBEB: sB-slA

PROJECT: MODINE MANUFACTUFING COMPAI\Y

ELEVATION: NOT SUFIvEYED

DBILLING METHOD: GEOPROBE (VAN tiTOUNTED)

WATEB LEVELS: r{O WATER

PBOJECT NUMBER I68545.SC.IN

LOCATION: CAMDENTON. MO

DEILLING CONTRACIOR: INNOVATIVE PFIOBING SOLUTIONS

START: 'l l0O i l/1y01 RNISH: I I t5 LOGGER: J KENNEOY

0.5' - 2.5': CLAY WITH SILT (CUMH), OAFK
GRAY, DRY. LOOSE.

ENO OF EOHTNG e 2,s',8GS (BEOROCK).

COLLECT SAMPLE MGSB51A.O52.5
ATil15PrO

3,2 PPM

OVER

HOLE

STANOAFD
PENETRATION

TEST RESULTSEE
Hg
I<FTItruJfdo

F
L

J

(r
U

2

SAA,lPLE

PID
HEADSPACE

(PPM)

SOIL NAME. USCS GROUP SYMBOL, COLOR,
i/OISTURE COIITENT. RELATIVE OENSITY OF

CONSISTENCY, SOIL STRUCTURE,
MINERALOGY

SOIL OESCRIPIION

DEPTH OF CASING, DRILLING RATE,
ORILLING FLUIO LOSS, TESTS ANO

INSTRUMENTATION

0'- 2.5' DP1 2,3 0.0

130

I

2

3

4

5

I

I

I

-i

l
-1

I

_l

-l

'11

12

13

14

15

t6

l7

t8

t9

20

21

u
23

24

25

26

?7

?8_

,t_
.0.
31 -
x2-

33-:

34 -i

35



Exhibit 2-7

2006 SI /N4U 26 and SWMU 31 Boring Logs



O .rr*r,..
-

NUMBER NG NUMBER

MO-MP-01 SHEET 1 OF 1

SOIL BORING LOG

)ROJECT: Modine LOCATION : Camdenton MO
!LEVATION : 

-IRILLING |\.4ETHOD ANO EOUIPNIENT USE: Geoprobe/DPT
/VATER LEVELS Not Encountered START: '10/26/2006

DRILLING CONTRACTOR : PSA

END: 10/26/2006 LOGGER: G. Roberts

TEST

ANO

INSTRU.

MENTATION

SOIL NAME. USCS GROUP SYMBOL. COLOR,

MOISTURE CONTENT, RELATIVE DENSITY.

OR CONSISTENCY, SOIL STRUCIURE.
MINERALOGY,

DEPTH OF CASING, DRILLING RATE.

DRILLING FLUID LOSS.

TESTS. AND INSTRUMENTATION,PID/PPM

1

2-_

3 ,,_

4

6

7

10

1l

0-3.0 3/3 DP-,I

0.0

0.0

ppm

ppm

00 ppm

o.o ppm

o.o ppm

o.o ppm

I 0 - Concrele

I 3 - Lean CLAY with GRAVEL (CL), reddish b@wn.
moisl. stiff

3-6.0 3/3 DP.2

' Lean CLAY wilh cherty GRAVEL (CL),
moist, stif,

CLAY (CH), reddish briln, mod, slitt

11

6,9.0 3/3

9-11.0 2t2 oP-4

MO MP-01 xls



o GHzNlHILLe
PROJECT; Modine LOCATION : Camdenton MO

NUMBER NUMBER

MO-MP-03 SHEET 1 OF 1

SOIL BORING LOG

ELEVATION: 
-DRILLING METHOD AND EQUIPMENT USE

DRILLING CONTRACTOR : PSA

Geoorobe/DPT
WATER LEVELS : Not Encountered START: 10/26i2006 END: 10/2612006 LOGGER: G. Roberts

BELOW SURFACE TEST

AND

INSTRU-

MFNTATION

CORE OESCRIPTION REMARKS

SOIL NAME. USCS GROUP SYMBOL, COLOR,

MOISTURE CONTENT, RELATIVE DENSITY,

OR CONSISTENCY, SOIL STRUCTURE,

MINFRAI OGY

DEPTH OF CASING, DRILLING RATE.

DRILLING FLUID LOSS,

TESTS. AND INSTRUMENTATION,PID/PPM

1

2-.-

3--

4

5

o

1--

8_

9_,

1o

11 --

12 --

13

G3.0 3/3 DP-1

0.0

0.0

ppm

ppm

0.0 ppm

0.0 ppm

o.o ppm

o.o ppm

o.o ppm

0 - Gravel

Fat CLAY with GRAVEL (CH), reddish brown, moist,

0 - CLAY (CH). reddish brown. moisl. slitt

16.0 3/3 oP-2

G9.0 3/3 oP-3

i.0 - CLAY with chert GRAVEL (CH), reddish
lrown, moist, stiff

9-1 2.5 3. s/3.5 DP-4

Refusal @ 12.5'bgs

MO MP-03 xls



Exhibit 2-8

2007 SWMU 26 and SIA 4U 3L Boring Logs



lBoRrNG

PROJECT NUMBER NUMBER

BH.O1331645.FO.05 SHEET 1 OF .I

SOIL BORING LOG
GHz]VIHILL

-
PROJECT : Modine Manufacluring

ELEVATION :

DRILLING METHOD AND EOUIPMENT USED : DPT Geoprobe
WATER LEVELS: None

LOCATION : Camdenlon Missouri

DRILLING CONTRACTOR : IPS

LOGGER : G. Roberts
START: 12l16/2007 1200

o

END: 12l16/2007 1235

INTERVAL

RECOVERY

#fiYPE

S tANDARI.)

PENETRATION

TESI
RESULTS

SOIL DESCRIPTION COMMENTS

SOIL NAME, USCS GROUP SYMBOL, COLOR,

MOISTURE CONTENT. RELATIVE DENSITY,

OR CONSISTENCY. SOIL STRUCTURE.

MINERALOGY,

DEPTH OF CASING, ORILLING RATE

DRILLING FLUIO LOSS,

TFSTS AND INSTRI li,lFNTATlONb-b-b
(N) f,VM (ppm): Breathinq Zone Sample lnteNal

5

10

15 __

20 __

25 __

04

4-8

8-12

12-16

16-20

20-22

4t4

4t4

414

4t4

4t4

DPT

DPT

DPT

DPT

OPT

DPT

N/A

ULA Y (Un) OrOWn, meorum Sutr tQ Slrtr, Ory,
gravel present

2.0'- Gravelly CLAY (GC), brown and tan, dry
unconsolidated clay and gravel

4.0'- CLAY (CH), reddish brown, hard, dry, gravel
presenl

18.0' - Clayey GRAVEL (GC), brown and tan,
Tedium stiff, drv
'19.0' - SAND (SP), tan, lmse, dry

u.c

0.8

0.4

o.4

U,J

0.8

U

5.9

19.1

24.8

12.4

14.8

4.6

25.8

20.1

MO-BH-01-21.0

MO-BH-01-22.0

21.0'- CLAY (CH), reddish brown, medium stitf, drv
21.5'- Clavev SAND (SC). soft. drv
22.0'- Retusal on bedrmk

BH-01.xls



lBoRrNG

PROJECT NUMBER NUMBER

331645.FO.05 BH.O2 SHEET 1 OF 1

SOIL BORING LOG
o GH2]vlHILLe

PROJECT : Modine Manufacturing

ELEVATION :

DRILLING METHOO AND EQUIPMENT USED: DPT Geoprobe
WATER LEVELS: None

LOCATION : Camdenlon Missouri

DRILLING CONTRACTOR : IPS

LOGGER : G. Roberts
START: 12l16/2007 1340 END: 12l16/2007 1410

PTH BELOW SURFACE (FT) STANDARD

PENETRATION

TEST

RESULTS

SOIL DESCRIPTION COMMENTS

SOIL NAME. USCS GROUP SYMBOL, COLOR.

MOISTURE CONTENT, RELATIVE DENSIry,

OR CONSISTENCY, SOIL STRUCTURE.

MINERALOGY,

OEPTH OF CASING, DRILLING RATE,

DRILLING FLUID LOSS,

TESTS AND INSTRI'MENTATIONb-b-b
lNt OVM looml: Brealhino Zone Samole lnterval

10

15

20

25 __

o4

4-8

8-12

12-',16

16-20

20-22

4t4

414

4t4

414

4t4

N/A

u.u - ULAY (uH) orown ano gray, meorum slrn lo
stifl, dry, gravel present

J.U - Uraveily uLAr (uur, orown ano ran, ory
unconsolidated clay and gravel
4.0'- Gravelly CLAY (GC). brown, unconsolidated
lo hard, dry

u.4 u

o.4

1.8

10.1

10.2

0.8

32.5

18.2

14.5

12.8

8.1

1.3

'1.4

8.2

52.4 @ 19.5

4.6

4.3

MO-BH-02-'19.5

MO-BH-02-21.5

6.U - ULAY (Utr), reOOrSn DrOWn, naro, Ory, graver
present

15.0 - GRAVEL. sushed lrmestone and chert

ro.u - ULAY tunr, reqqrsn orown, m@rum S!tr lo
stifr, dry, gravel present

zo.0 - CLAY (L;H), reddrsh brown, medrum strfl, dry

z1.u - Lrmeslone tragmenls an0 rock llour

22.0'- Refusal on bedrGk

BH-02 xls



lBoRrNG

PROJECT NUMBER

331645.FO.05 BH.O3
NUMBER

SHEET 1 OF 1

SOIL BORING LOG
GH2MHILL+

PROJECT : Modine Manufacturing

ELEVATION:
DRILLING METHOD AND EOUIPMENT USED : DPT Geoprobe
WATER LEVELS : None

LOCATION : Camdenton Missouri

DRILLING CONTRACTOR : IPS
LOGGER : G. Roberts
START : 12l16/2007 1000

c

END : '12l'16/2007 1050

PTH BELOW SURFACE

INTERVAL

#TrYPE

STANDARD

PENETRATION

TEST

RESULTS

SOIL OESCRIPTION COMMENTS

SOIL NAME, USCS GROUP SYMBOL. COLOR,

MOISTURE CONTENT, RELATIVE DENSITY,

OR CONSISTENCY, SOIL STRUCTURE,

MINERALOGY,

DEPTH OF CASING, DRILLING RATE,

DRILLING FLUIO LOSS,

TESTS AND INSTRUMENTATION6"-6"-6"
(N) fVM toom): Breathino Zone Samole lnlerval

10 -_

15,_

20 __

JU

0-4

4-8

8-12

12-'t6

16-20

20-22

4t4

414

414

4t4

414

212

DPT

DPT

DPT

DPT

DPT

DPT

N/A

u.u - u6Y (uh) orown ano gray, meotum sntr Io
stifl, dry, gravel present

2.0'- Gravelly CLAY (GC), brown and tan, dry,
unconsolidated clay and gravel

5.5' - CLAY (CH), brown and gray, sliff to hard, dry
gravel present

7.0'- Clayey GRAVEL (GC), reddish brown, dry.
unconslidated calv and oravel

1.5

2.4

'1.8

1.3

't.2

't.4

2

1

0.8

1.2

3.8

2.4

5.6

10.2

'17.4

U

4.'l

18.9

20.4

5.6

't5.2

41.2 MO-BH-03-26.0

MO-BH-03-28.0

10. 'l

Drly ULAY (uL), teoorsn orown, meotum sItr
to stiff, dry, gravel present

26 u - Lrmestone lragmenls ano rock llour

30.0'- Retusal on bedrock

BH-03 xls



o GH2lvtHILL
{}

PROJECT : Modine Manufacturing

ELEVATION :

DRILLING METHOD AND EQUIPMENT USED : DPT Geoprobe
WATER LEVELS: None

LOCATION : Camdenton Missouri

DRILLING CONTRACTOR : IPS

LOGGER: G. Roberts
START:12l16/20071145 ENO: 141612007 1200

PTH BELOW STANDARD

PENETRATION

TEST

RESULTS

SOIL DESCRIPTION COMMENTS

SOIL NAME, USCS GROUP SYMBOL, COLOR,

MOISTURE CONTENT. RELATIVE DENSITY,

OR CONSISTENCY, SOIL STRUCTURE,
i,4INFRAI OGY

DEPTH OF CASING. DRILLING RATE.

DRILLING FLUID LOSS,

TFSTS AND INSTRI JIVFNTATION6"-6"-6',
rNt OVi,4 fDom): Breelhino Tone Semole,nlerual

5

10 __

15

20 __

04

4-8

'v4

3t4

DPT

DPT

N/A

t\o rwovery

3.0 - Crushed lrmestone gravel

5.U' Helusal on concrele

331645.FO.05
NUMBER NUMBER

BH.O4 SHEET 1 OF 1

SOIL BORING LOG

BH-04 xls



lBoRrNG

PROJECT NUMBER

331645.FO.05 BH.O5
NUMBER

SHEET 1 OF 1

SOIL BORING LOG
o GH2MHILL

-
PROJECT : Modine Manufacturing

ELEVATION :

DRILLING METHODAND EQUIPMENT USED: DPT Geoprobe
WATER LEVELS: None

LOCATION : Camdenton Missouri

DRILLING CONTRACTOR : IPS
LOGGER: G. Roberts
START :'12116/2007 0900 END: 12l16/2007 0945

SIANDARD

PENETRATION

TEST
RFSUT TS

SOIL DESCRIPTION COMMENTS

SOIL NAi,4E, USCS GROUP SYIVBOL, COLOR,

MOISTURE CONTENT, RELATIVE DENSITY,

OR CONSISTENCY, SOIL STRUCTURE.

MINERALOGY.

DEPTH OF CASING, DRILLING RATE

DRILLING FLUID LOSS,

TESTS, AND INSTRUi,.IENTATION.6"-6"-6',
(N) OVM {oom}: Brealhino Zone Samole lnterval

5

10 __

0{

4-8

8-12

'U4

414

4t4

DPT

DPT

DPT

N/A

J.U - NO recovery

1.8

4.5

3.9

4.1

4.6

2.5

MO-BH-05-10

MO-BH-05-1 1.8

3.0'- Silty CLAY (CL). brown, stiff, moisl, gravel present

c.u - urayey UHAVEL (GU), lan, ory, coarse

5 U - ULAY (UH), reddrsh brown. hard, dry, gravel

fresent

5.U - ULAY (Un), OrOWn ano gray, meorum sln lo
rard, moist, gravel present

15

20

12.0'- Refusal on bedrmk

BH-05.xls



3. Findings from Previous Investigations

Previous investigations conducted by Dames & Moore, MDNR, CH2M HILL and SECOR
were thoroughly discussed in the Comprehensiae historical summary document (CH2M HILL
2005). This section presents a summary of previous investigations and corrective measures
performed onsite and offsite.

Investigative activities at the Modine facility began in July 1,992,when the MDNR
Hazardous Waste Program Superfund Section installed two monitoring wells on the
property (MW-1 west side, MW-2 east side) and collected groundwater samples from the
wells along with neighboring private wells, surface water samples from a downgradient
creek, and surface water samples from a nearby spring. The MDNR detected no chemicals
in the water samples. Based on the results, the MDNR decided to pursue no further action,
as documented in a letter to Modine dated March 2,1993.

TCE first appeared at a concentration exceeding the maximum contaminant level (MCL) of
5 micrograms per liter (prg/L) in the onsite wells during the second MDNR sampling event
in December'1.994. Concentrations were only slightly above (5.1 and 6.9 pg/L) the MCL.
TCE concentrations declined to below detectable levels in MW-2 in 1995 and 1996 but
remained above the MCL in MW-1 through 1995 (two sampling events).

Based on the results obtained from MW-1 and MW-2, Modine installed two more wells in
1995 (MW-3 south, MW-4 north). Results from the sampling of the two wells indicated that
the greatest concentrations were found in MW-4 about 125 feet northwest of the northwest
corner of the plant. TCE concenkations there exceeded L00 tt1/L in late 1995 and early 1996.

Based on the direction of groundwater flow at the facility, MW-4 would be cross-gradient of
an onsite source.

Modine undertook a fracture survey to better understand flow within the bedrock through
secondary porosity. The findings suggest that the former Hulett Lagoon, one of five lagoons
operated by the City of Camdenton to treat wastewater before construction of the City's
publicly owned treatment works, was the likely source of elevated TCE concentrations in
MW-4. Modine undertook an investigation in 1996 to determine the presence of volatile
organics compounds (VOCs), in particular TCE, in soil within the confines of the former
Hulett Lagoon. The investigation showed that TCE was present, and that it was the only
VOC that exceeded the screening levels in use at the time.

Modine then installed MW-5 just outside the confines of the former lagoon in August 1998

to identify if groundwater contamination was present. TCE has been detected at MW-5 at
concentrations above the MCL during each sampling event since the well was installed.

In 1998, TCE was detected in the City of Camdenton's Mulberry Well at concentrations in
excess of the MCL of 5 pg/L. The Mulberry Well is located about 600 feet east-southeast of
the Modine facility and 1,000 feet south of the former Hulett Lagoon.

ln'1.999, the MDNR conducted a membrane interface probe investigation and collected eight
soil grab samples from the former Hulett Lagoon. There were no significant detections of
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VOCs in the probes. TCE was detected in three soil samples collected near the previous
location of the outfall pipe. The maximum concentration detected from the Hulett Lagoon
was 9.5 mg/kg at boring Iocation Hulett 01.

3.1 Offsite !nvestigations
In late 1999 or early 2000, HS took the lead in addressing offsite contamination from former
operations at the facility, characterization of the former Hulett Lagoon, and characterization
of the groundwater in the area of the Hulett Lagoon and the Modine facility under the
cooperative agreement with the Superfund Section of MDNR. The investigative history
regarding the former lagoon and groundwater is well documented in the RI report (SECOR
2003) and feasibility study report (SECOR 2004) produced by HS.

3.1.1 SWMU 1 Hulett Lagoon
HS conducted a soil investigation in areas of the lagoon that had not previously been
investigated. Soil samples were analyzed in the field for TCE using a field gas
chromatograph and the samples exhibiting the highest VOC concentrations were also
submitted for Toxicity Characteristic Leaching Procedure analysis. No VOC concentrations
were found at concentrations above the detection limits in the sample extract. One sample
analyzed in the field with the gas chromatograph contained a detectable concentration for
TCE. The fixed offsite laboratory TCE result for this sample (GP-9: 7 to B feet bgs) was
3.1mg/kg. Figure 3-1 depicts the locations where soil samples were collected during the
MDNR and HS investigations. MDNR acceptance of the RI provided concurrence with the
conclusion that no risk is posed by residual soil contamination at the former Hulett lagoon.
Therefore, the nature and extent, fate and transport, and potential risks associated with
SWMU 1 (Hulett Lagoon) were not addressed as part of the RFI.

3.1.2 Area-wide Groundwater
The RI activities to address groundwater were conducted in three phases from 2000 through
2002. During the first phase, five monitoring wells were installed (MW-7 through MW-11).
Four more wells (MW-L2 through MW-15) were installed during Phase IL Seven more wells
(MW-16 through Ill4W-22) were installed as part of the third and final phase. At the request
of MDNR, three wells (MW-23, MW-24 and MW-25) were installed in2007 to further assess

groundwater contamination in the deep and perched zones south of the Modine facility and
northwest of the former Iagoon.

Ceophysical logging and pumping tests were conducted as part of the RI. An early
discovery following Phase I and Phase II RI efforts was the identification of an aquitard
(zone of lower relative permeability) 30 to 40 feet thick, the base of which is roughly 150 feet
below ground at the Modine facility. The presence of the perched zone above the aquitard is
discussed in the hydrogeology section of this report. Eight perched wells and L0 deep wells
were installed during the RI and follow-up activities. Based on results of the RI, HS
recommended that a feasibility study be performed to assess remedial alternatives and
decide on a practical remedy to address groundwater impacts.

HS documented the following relevant findings from the groundwater RI and feasibility
study reports:

3-2



3, FINDINGS FROM PREVIOUS INVESTIGATION

. VOCs in groundwater are characterized and limited to TCE and cis-1,2-dichloroethene
(cis-1,2-DCE). Note that cis-1,2-DCE is a degradation product of TCE.

o Most of the contaminant mass has accumulated in the perched zone; however, there are
occasions during the year when no perched groundwater is present atop the low-
permeability zone. The zone is not considered an aquifer since it neither permanently
stores nor produces water in recoverable quantities sufficient for private or public use.

Cross-sections depicting the potentiometric surface are presented as Figures 5-12 and
5-L3 in the RI Report (SECOR 2000).

. The migration and extent of VOCs in both the deep and perched groundwater zones is

strongly influenced by preferential flow pathways, including nearly vertical fractures
and bedding plane separations.

. The City's removal of sediment from and closure of the former lagoon, and Modine's
removal of affected soil on the west side of the manufacturing facility, eliminated
sources for further contaminant migration to groundwater. Ilemaining affected soils in
the area of the former Iagoon and manufacturing facility are adequately addressed and
do not pose a potential significant risk to human health and the environment.

. Groundwater in the perched zone does not pose a potential significant risk to human
health.

. Active remediation of the perched zone is impractical. Since continuing sources of
contamination in soil have been eliminated, natural attenuation likely will address
contamination in the perched zone.

o Contamination can be contained through continued pumping of the Mulberry well.
Limited additional studies, such as a remedial design, are needed to determine optimum
pumping rates, appropriate monitoring locations, and potential equipment upgrades.

HS has continued to conduct quarterly groundwater sampling of both the shallow and deep
wells in the area of the former lagoon and facility. Sample results are reported for TCE and
cis-1,2-DCE in groundwater. The most recent data available are for 2007.The monitoring
well locations and TCE and cis-1,2-DCE results from the 2007 quarterly sampling events are
shown in Figure 3-3. The following are relevant results from2007 (SECOR 2007):

. TCE concentrations were consistently above the MCL in perched wells MW-5, MW-8,
MW-12 and MW-L3, all of which arc, located near the former lagoon. The highest TCE
and cis-1,2-DCE concentrations were present in perched well MW-25 (installed
November 2007), immediately north of the former lagoon.

. TCE concentrations were consistently above the MCL in deep wells MW-14, MW-16, and
MW-19. The wells are near or downgradient of the former lagoon.

As a precautionary measure, HS oversaw the abandonment of the Burnau well, a

nonoperational, private well on Bentree Avenue. The depth of the well completion is

unknown since wellcompletion data are unavailable.
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Since HS is taking the lead on groundwater investigation and remediation area-wide, the
RFI did not and this RFI Report does not address the potential risks associated with
contamination in groundwater.

3.1.3 Other Offsite Investigations

Ln2006, MDNR conducted an investigation along the City of Camdenton sanitary sewer line
between the Modine facility and the former lagoon. The findings are documented in the
Remoaal Action Sampling Report (MDNR 2006a). Borings were advanced along the sewer line,
and samples were collected and submitted for VOC analyses. The highest detection of TCE
was2.6mg/kg from boring SB-03 at21,.0 feet below ground surface (bgr).

With MDNR concurrence, the nature and extent, fate and transport, and potential risks
associated with contamination related to the city sanitary sewer line are not addressed as

part of this RFI. However, it should be noted that MDNR reserved the right to address this
issue at a future date, under a different program. The information is provided to allow for a
complete picture of the work being conducted in the area as well as to demonstrate that TCE
concentrations currently present in soil throughout the area are quite comparable in
concentration.

3.2 Onsite !nvestigations
The following subsections summarize the scope and findings of previous investigations for
each SWMU at the Modine facility recommended for further investigation by the VSI/PA
(Jacobs 1992). These SWMUs are:

o SWMU 2 (Mudpits)
. SWMU 4 (Drum Storage Area 1)
. SWMU 5 (Drum Storage Area 2)
. SWMU 19 (Vapor Degreaser and Still M185)
. SWMU 3L (Drum Storage Area 3) and SWMU 26 (Monorail Vapor Degreaser and Still

.'|/.567)

These SWMUs are no longer in use, and none are currently active. Therefore, the SWMUs
are referred to herein as "former." Investigative activities at the Modine facility were
conducted between 1,992 and 2007 to assess the potential for releases from the S\AIMUs.

Figure 3-2 presents the Iocations of soil samples collected during previous investigation
activities and analyzed to delineate the extent of contamination at the former SWMUs. The
soil sample locations represent conditions for soils that remain in place (i.e., have not been
excavated as part of a soil interim measure).

3.2.1 SWMU 2 (Former Mudpits)
The mudpits along the west side of the building were used for wastewater collection from
the time of building construction in1967 through 1986, when the wastewater pretreatment
plant was constructed. There were origir-rally four mudpits, identified as #1 to #4 from north
to south. Mudpit #2 was removed during construction of the wastewater plant.

The mudpits were concrete sumps, each one a cube with dimensions of 4 feet to a side,
located about 10 feet west of the building foundation. The mudpits received stormwater,
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boiler blowdown, and cleaning line water from the manufacturing process. The rnudpits
were connected by a 6-inch steel line, and each received wastewater from the previous pit
starting at the south (#4) and discharging to the onsite sewer line at the north (#1). The
onsite wastewater discharge line conveyed wastewater from the former mud pits to the City
of Camdenton sewer system located along the north side of the Modine facility.

3.2.1.1 lnvestigations and lnterim Measures

An investigation was conducted in'1997 to assess potential releases from the mudpits. Ten
soil probes were advanced adjacent to the mudpits and near the sewer line discharging to
the north, and soil samples were collected from them and analyzed. Concentrations of lead
were found to exceed the screening levels in place at that time. A soil removal action was
conducted in October'1.997 at Mudpits #1, #3, and #4 and the area surrounding the former
probe location along the discharge line at the north end of Mudpit #1 to remediate the soils
for lead. Figure 3-2 illustrates the Iimits of the excavations.

Confirmation samples from the excavation walls and floor of the mudpits showed that
concentrations of VOCs and metals were below the historic screening Ievels in samples
other than in the area of Mudpit #3. Lead was present in each wall, and the floor sample
frorn this excavation. Additional excavation was not possible because of underground
obstructions. Subsequent excavations at the facility revealed the occurrence of galena, a lead
ore mineral, within the soil horizon. Therefore, it is likely that the elevated lead levels
observed in the area are naturally occurring.

The onsite wastewater discharge line that connected the mudpits to the city sewer line was
removed and replaced as part of a plant renovation in July 2000. Twelve composite soil
samples were collected from both the floor and walls of the excavated trenches, and one
sample was taken from the floor beneath a 90-degree elbow, resulting in a total of 25 soil
samples. These samples were analyzed for VOCs and metals. One sample of released
material, identified as sediment, was collected from each of the north-south and east-west
segments of the discharge line. VOCs were c-letected in soil samples at concentrations below
screening Ievels. Metals, with the exception of chromium and lead, were detected at
concentrations below screening levels. Chromium concentrations in soil were elevated
relative to the screening levels in use at the time in three samples: two nearest the former
mudpits, and the other near a sediment release. Low concentrations of lead relative to the
screening levels in use at the time were detected in four soil samples along the southertrmost
end of the discharge line. Sediment along the former onsite wastewater discharge line is no
longer of concern since the source and the affected soil have been removed.

In 2006, at the request of the MDNR, two Geoprobe borings were completed, one each at
Mudpits #1 and #3),located between the mudpit and the west wall of the manufacturing
building. The purpose of the borings was to assess the extent of VOCs in soil that had been left
in place following the excavation activities. VOC concentrations remaining in soil, though
below applicable screening levels at the time, were above more recent screening levels.
Borings to collect soil samples beneath the building were advanced to bedrock at an angle of
30 clegrees from vertical, to assess the eastward lateral extent of potential soilcontamination in
these areas. Two soil samples were collected from each Geoprobe boring for the analysis of
VOCs. The highest concentration of TCE from the Geoprobe soil samples was at a
concentration of 3.4 mg/kgat 10 feet bgs. The maximum concentrations of tetrachloroethene
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(PCE), cis-1,2-DCE, and trans-l,2-dichloroethene (trans-1,2-DCE) from the Geoprobe soil
sampling were 1.9 Emg/kg,0.0057 J mg/kg, and 0.12 mg/kB, respectively.

3.2.1.2 Chemicals Remaining in Soil

Metals remaining in soil, detected at concentrations in excess of historic screening levels, are
lead and chromium. Neither metal was considered further in this RFI for the following
reasons:

a Chromium concentrations are isolated and only slightly above the screening levels in
use at the time the samples were taken. The source of the chromium in soil is thought to
be the released sediment from the line, all of which has been removed.

. Lead levels found in soil are naturally occurring because of the presence of the lead-
bearing ore galena.

VOCs remaining in site soil that are potentially related to SWMU 2 include TCE, PCE,
cis-1,2-DCE, and trans -L, 2-DCE.

3.2.2 SWMU 4 (Former Drum Storage Area 1) and
SWMU 5 (Former Drum Storage Area 2)

SWMU 4 (Drum Storage Area 1) was located about 80 feet west of the west wall of the
current facility's mechanical room. Drum Storage Area 1 was operational from 1972 to 1983
and was an area roughly 25by 30 feet in size. Up to 45 drums of Iiquid waste and sludge
were stored in the area at any given time. Waste stored included TCE still bottoms, waste
paint filters and liquid, and nonhazardous waste oil.

SWMU 5 (Drum Storage Area 2) was Iocated about 10 feet west of the west wall of the
building in an area now under the wastewater pretreatment plant. Drum Storage Area 2

was operational from 1983 through 1985. The storage area was constructed of a concrete slab
(25 by 30 feet) with an S-inch concrete containing curb for secondary containment. In
addition to drum storage, the area also contained a L,O00-gallon capacity waste oil tank and
a 5,300-gallon tank used to store TCE still bottom waste.

3.2.2.1 lnvestigationsand CorrectiveActions

The first investigation along the west side of the building was the 1991 environmental site
assessment (ESA) conducted by Law Environmental, Inc., under contract to Modine. Part of
the ESA investigation focused on what was identified as "Area 2, a drum storage area
located along the west wall (side) of the plant." Four borings were advanced: two roughly
30 to 40 feet west of the plant building, one near the former location of a surface water
drainage feature, and one along the assumed location of a buried stormwater drain line.
Analytical results from soil samples collected from the borings indicated low levels of VOCs
relative to the screening levels in use at the time.

A follow-up investigation was conducted in July 1993. Six soil borings were advanced and
soil samples collected from within the area of the former drum storage area, to further
assess the presence of VOCs, metals, and cyanide in soil. An additional background soil
boring was advanced near the northeastern corner of the Modine property. Elevated lead
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concentrations were found in one boring (B-11) located immediately south of the
wastewater pretreatment area that overlies former Drum Storage Area 2.

A risk assessment was performed in 1994 to evaluate the risk posed by VOCs and lead in the
former Drum Storage Area. The risk assessment concluded that no health risk was posed by
the minimal amounts of VOCs in soil and that lead in soil was not considered a significant
health risk. The MDNR disagreed with that conclusior-r.

ln'1995, an investigation to achieve final closure of the interim RCRA TSD facility was
implen-rented. The study included both an investigation to assess the extent of VOCs in the
area of tl-re former drum storage areas on the west side of the building and the remediation
of the elevated lead level identified near boring B-11 in 1993. A groundwater investigation
including the installation of wells MW-3 and MW-4 on the Modine facility was also part of
the investigation. The elevated lead concentration detected near boring B-11 was present in
the upper 2 feet of the soil horizon; therefore, the excavation extended to a depth of 3 feet
below ground. Twelve cubic yards of soil were removed and, following characterization,
disposed of offsite as a special waste. All confirmation samples from the floors and walls of
the excavation contained Iead concentrations below the background concentration.

During the 1995 investigation, six soil borings were advanced in an effort to define the
lateral and vertical extent of the low VOC concentration previously identified. One sample,
from boringB-13, exhibited elevated VOC concentrations with TCE found to exceed the
historic screening level. Boring B-13 was located along the former buried stormwater drain
line along the west side of the building.

A subsequent investigation was conducted to define the lateral extent of TCE contamination
in soil surrounding former boring B-13 located near the end of the former stormwater drain
line. The first phase of the investigation was conducted in October 2000 with four direct
push soil probes being advanced near boring B-13. Based on the results of these borings, a
second phase of the investigation was conducted in December 2000. Eight direct push soil
probes were advanced. Seven probes were advanced around the borings advanced in
October, each roughly 1.5 to 20 feet away from the original borings. The eighth probe was
advanced down gradient of the area of interest. No elevated TCE concentrations were
found. The highest concentration of vinyl chloride (VC) reported was an estimated value of
12 mg/kg which was subsequently removed during a corrective action measure.

A Corrective Action Work Plan was submitted and approved by MDNR in September 2001.

The ir-rterinl measures consisted of the excavation of soil impacted by VOCs on the west side
of the Mociine building defined based on the previous Phase 1 and 2 investigation results.

Excavation began in October 2001. As work progressed and more information regarding the
historic handling of chlorinated solvents at the facility became available, it became apparent
that the volume of affected soil was significantly more than had been estimated. This was
particularly true laterally to the east and southeast of the assumed area of impact. Therefore,
excavation ce.ased and a direct-push subsurface investigation was conducted to better define
the exterrt of affected soil.

Thirty-four direct-push soil probes were advanced in November 2001 for this purpose.
Borings were generally placed about 20 feet or more from areas of known impact identified
during the excavation activities and aclvanced until probe refusal (bedrock) was
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encountered. Site specific screening levels for cleanup also were calculated. If field results
(photoionization detector readings, odor, discoloration) indicated that a boring was located
within affected soil, that location was offset (typically by 20 feet) until the lateral extent was
presumably defined. Soil samples were collected for VOC analysis at depths near the
soil/bedrock interface from locations where field screening results indicated minimal
impact. Excavation of the affected soil continued in an easterly direction to the assumed
excavation limits identified during the direct push investigation. Excavation of the affected
unconsolidated overburden continued until field screening indicated minimal VOC
contamination existed or bedrock was encountered.

Confirmation samples were collected at approximate l0linear foot intervals along the
exposed excavation walls. Forty-nine confirmatory samples were collected. No confirmation
samples were collected from the base of the excavation, since soils were removed down to the
bedrock surface.

3.2.2.2 Chemicals Remaining in Soi!

VOCs remaining in site soil potentially related to SWMU 4 and 5 are at concentrations
below the calculated historic site specific screening levels. They include TCE, cis-1,2-DCE,
and VC. In a letter dated June 30,2004, MDNR concurred that the VOCs remaining in soil
on the west side of the Modine facility require no further action, investigative or remedial.

3.2.3 SWMU 19 (Former Vapor Degreaser and Still M185)

SWMU 19 (Vapor Degreaser and Still M1B5) was located within the original and oldest part of
the building near the west wall and was destroyed by a fire in July 1972. The VSI
recommended further investigation based on the potential release of waste solvent onto the
concrete floor during the fire, indicating that the waste solvent may have absorbed into the
porous concrete floor. However, the floors were coated with concrete sealant, and the heat of
the fire would have rapidly volatilized a release. Therefore, no investigation activities were
ever implemented at SWMU 1.9.

3.2.4 SWMU 31 (Former Drum Storage Area 3)and
SWMU 26 (Former Monorail Vapor Degreaser and Still M567)

SWMU 31 (Drum Storage Area 3) was located along the south wall of the building before
the 1983 expansion. Following that expansion, SWMU 26 (the Monorail Vapor Degreaser
and Still M567) were constructed in the same area. Therefore, SWMUs 31 and 26 are
collocated in an area of interest now beneath the building floor.

Drum Storage Area 3 reportedly was operational from 1979 throueh 1983 (Jacobs 1992).lt
was located along the south outside wall of the building. The storage area was removed in
1983 to accommodate a building expansion to the south. The VSI/PA reports that Drum
Storage Area 3 was constructed of a concrete slab over a base rock and clay mixture. It
reportedly was 25 feet wide by 50 feet long. The VSI/PA reported that waste managed in
the area consisted of waste TCE and waste oil from degreasing operations, stored in 55-
gallon drums. A release of TCE from 15 corroded drums reportedly occurred there.

The Monorail Vapor Degreaser and Still M567 was the largest vapor degreaser at the
facility. It was installed in 1985 and remained in service until 1997.The unit had a solvent
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capacity of 4,000 gallons. The floor beneath the monorail vapor degreaser was recessed

about 5.5 feet below the surface of the plant floor. The recessed trough was about 65 feet
long (east to west) and 10 feet wide. The degreaser unit was about 50 feet long. TCE was
used in the unit from 1985 until Modine purchased the facility in L990. The building
underwent a complete interior renovation in 1997 . As part of that renovation, the degreasing
units were removed and all recessed floor areas were brought to grade. Equipment and
subgrade piping in the plant were replaced with new equipment and lines at this time.

Modine contends that the area was not used as a drum storage area for waste solvents but
instead was used to store old equipment.

3.2.4.1 lnvestigations and CorrectiveActions

The first investigation conducted at SWMU 31 and SWMU 26 was during the 1991 ESA. Part
of the ESA investigation focused on what was identified as Area 1, a drum storage area
south of the building wall, where MDNR has suggested that 4,500 gallons of solvent had
been released. Five holes were drilled through the concrete floor, and hand-augered borings
advanced, two of which were located within the monorail vapor degreaser trough.

Analyses of soil samples detected several VOCs; but only TCE and 1,1,1-trichloroethane
(1,1,1-TCA) were found at concentrations above historic screening levels. TCE
concentrations were elevated in the soil samples from the boring adjacent to the solvent tank
(3.0 mg/kg) and at the east end of the degreaser trough (0.78 mg/kg).1.,1.,1.-TCA was
detected at a concentration of 200 rng/kg in the soil sample from the east end of the trough.

Based on these findings, 10 soil probes were advanced in the area in April 1,997.The probes
were located on all sides of the trough and associated storage tank. The depths of the probes
ranged from roughly 3.5 to 17 feet bgs. Soil analytical results indicated the highest VOC
concentration in samples was collected from probe P-7, aboutT feet east of the aboveground
solvent storage tank and 3 feet north of the trough for the monorail vapor degreaser. As part
of the previous investigation in 199L, Law had installed an access port in the floor of the
base of the degreaser trough for collecting water trapped within the gravel subgrade
beneath the floor. A sample of trapped water was collected from the access port and from
probe P-9 as part of the1997 investigation. The analytical results from the trapped water
samples indicated the presence of several VOCs. The trapped water from the access port
contained methylene chloride,l,L-dichloroethene (1,1-DCE),1,,2-DCA,1.,1.,L-TCA, and TCE
at concentrations above historic screening Ievels. The trapped water from probe P-9

contained concentrations of methylene chloride, 1,I-DCE,'1,,1,,'L-TCA, and TCE at
concentrations above historic screening levels. The concentrations in water samples
collected from the access port were one to two orders of magnitude greater than those found
in the trapped water samples from probe P-9.

MDNR was concerned about contaminant levels beneath the building floor related to the
former degreaser area. As a result, in October 2006 a subsurface soil investigation was
conducted to assess the extent of soil contaminated with chlorinated VOCs, primarily TCE,
beneath the manufacturing building near the former Monorail Vapor Degreaser and Still
M567. Five discrete soil samples were proposed to be collected during the horizontal
drilling, but because of drilling constraints, only three could be collected. The three samples
were analyzed for VOCs.
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Soil samples were collected at the following locations as measured from the west wall of the
Modine facility:

. 55 feet (MO-HB-055, about halfway between the Mudpits and the Monorail Vapor
Degreaser, near the former still location).

. 85 feet (MO-HB-085, the northwest corner of the Monorail Vapor Degreaser, near the
former solvent tank).

o 120 feet (MO-HB-120, near the center and immediately north of the area that housed the
Monorail Vapor Degreaser). The soil sample was collected at 120 feet, rather than the
proposed 115 feet, because of poor recovery at 115 feet.

Soil samples to be collected at depths of 150 and 185 feet were not collected, because gravel
(crushed limestone) was encountered at 130 feet and continued to 160 feet (10 feet past the
fourth proposed sampling location). The gravel encountered was the result of the
decommissioning of the vapor degreaser pit, which included filling the pit with gravel.

Analytical results for the three soil samples (MO-HB-055, MO-HB-085, and MO-HB-120)
from the horizontal boring revealed one sample with a TCE concentration above the
screening Ievel used for this investigation. Sample MO-HB-085 had a concentration at
0.69 mg/kg.

Since the 2006 investigation was unable to collect soil samples from the east end of the
former Monorail Vapor Degreaser, the MDNR requested that additional soil samples be
collected from that area. In December 2007, a skid-mounted direct push technology rig was
used to advance soil probes in the area. Five direct push borings were advanced to bedrock
or refusal in order to assess extent of contamination in this area. Analytical results indicated
that TCE was present in soil immediately around the east end of the former degreaser at
concentrations comparable to residual concentrations in soil from other onsite and offsite
area (less than 4 mg/kg).

Groundwater perched within the unconsolidated zone at the bedrock surface was not
encountered at the probe locations, so no groundwater samples could be collected.

3.2.4.2 Chemicals Remaining in Soil

VOCs remaining in site soil at concentrations above historic site specific screening levels
potentially related to SWMUs 26 and 31 include 1,1-DCE, L,'L,1.-TCA, and TCE.

3.2.5 Other Onsite lnvestigations
An Indoor Air Quality GAa) Assessment was conducted during March 2003 at the request of
MDNR, to complete an Environmental Indicator (EI) determination for the Modine facility.
The EI program is used by USEPA to track progress at sites under the RCRA Corrective
Action Program.

Results from previous investigations indicated the possibility that residual chlorinated VOC
concentrations below the site specific action levels could be present in the soil beneath the
Modine facility. Thus, a potential pathway exists for contamination to migrate from residual
VOCs in the soil to the air inside the plant. The objective of the IAQ assessment was to
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investigate this potential pathway and determine if unacceptable human exposure to VOCs
migrating to indoor air from soil was occurring at the facility.

The use of the Johnson and Ettinger model (USEPA 2000) was originally proposed to make
the EI determination. However, direct measurement was considered to be a more
appropriate method for evaluating the potential exposure pathways and, with the
concurrence of MDNR, indoor air sampling was performed to evaluate potential human
exposure pathways at the facility related to VOC migration from soil.

A pre-sampling assessment of the facility was conducted to determine the most appropriate
sampling locations. The assessment consisted of a review of facility plans and an interview
with Modine plant management to delineate areas of interest for air sampling within the
Modine plant. The assessment differentiated specific areas of the plant based on separate
heating, ventilation, and air conditioning systems, plant construction and renovation details,
equipment locations and current usage of plant areas.

Sample locations were selected where a higher potential was assumed to exist for air
transfer between the soil beneath the building and the indoor air (i.e., areas where floor
breaches occur), and where prior activities at the facility may have caused subsurface
contamination. Additionally, at least one sample was collected in each of the three separate
heating, ventilation, and air conditioning system service areas at the plant.

Results were compared to 1 percent of the Occupational Safety and Health Administration
(OSHA) standard for protection of worker health. At the request of MDNR, risk-based
screening levels for a worker exposure scenario were also used for comparison purposes.

As agreed upon with MDNR, air samples were collected from six locations within the
Modine facility and one outside of the facility. One duplicate sample and one blank sample
were also collected. Air sampling locations are identified below and shown on Figure 3-4.

Samples were analyzed for 1,L-DCA, 1,I-DCE, cis-1,2-DCE, methylene chloride, trans-L,2-
DCE, PCE, 1,,1,,'1,-TCA, TCE, ANd VC.

The IAQ Assessment sampling attempted to approximate potential worst-case conditions
for the soil to indoor air exposure pathway. The state of Massachusetts (MADEP 2002) has
identified some generic conditions under which greater vapor migration from soil or
groundwater may occur. These conditions are:

. Highest potential for vapor migration is during late winter / early spring

. Indoor temperatures are 10 degrees Fahrenheit greater than outdoor temperatures

. Winds greater than 5 miles per hour

. Soils around the building saturated by precipitation

. Mechanical heating system in operation

. Mechanical fans off and doors and windows closed

An attempt was made to conduct the IAQ assessment under conditions when significant
vapor migration from soil could be expected to occur.

3-1 I
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Low concentrations of five chemicals of potential concem (COPCs) (TCE, PCE, cis-l,2-DCE, VC,
and methylene chloride) were detected in the indoor air samples. TCE and PCE were detected
in samples from each of the six indoor locations. The maximum detected TCE concentration was
6L.5 parts per billion by volume (ppb") in sample MD-A$02 collected near the northwest comer
of the building behind the women's restroom where floor breaches (piping and drains) occur.
The maximum detected PCE concentration was 0.602 ppbv in sample MD-A905 collected near
the welding bays in the center of the plant. Detectable concenkations of cis-1,2-DCE were
present in two of the six samples. Both reported detections were flagged as estimated values
and concentrations were below 1 ppbv. VC and methylene chloride were detected in three of
the six samples, but not in the same samples. None of the VC concentrations exceeded 0.015
ppbv.The maximum detected methylene chloride concentration was 1.13 ppbv in sample MD-
,{901 collected in the main conference room of the office wing located at the northeast corner of
the building. The duplicate sample, MD-Ail8, was submitted blind to the laboratory.
Analytical results corroborated those of MD-A905.

TCE and PCE were detected at very low concentrations in the outdoor air sample. TCE and
PCE concentrations were 0.204 ppbv and 0.053 ppbv, respectively. A detection of TCE, at
0.025 ppbv, was present in the blank sample, MD-AS-BI. This result was noticeably higher
than the precertification value for the sampling canister.
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4. Nature and Extent of Contamination

This section discusses the nature and extent of contamination remaining in soil at the
Modine facility. Based on the results and evaluation of the previous investigations
conducted at the facility (as presented in Section 3), the following VOCs remaining in soil at
the site were identified as possible chemicals of potential concern: 1,1-DCA, L,1-DCE, cis-1,,2-

DCE, trans-1,Z-DCE,PCE,1-,1-,1.-TCA,1,1,2-trichloroethane (1,'1,,2-TCA), TCE, and VC. These
chemicals were detected in soil during past investigations. Risk-based screening levels were
defined for each COPC, for the purpose of discussing the nature and extent of
contamination at the site.

4.1 Screening Levels

4.1.1 Soil

USEPA's Region 6 Human Health Medium-Specific Screening Levels (MSSLs) for an
industrial worker (USEPA Region 6 2007) were used for the purpose of screening soil as

meeting the definition of "contaminated" or "not contaminated." MSSLs are based on a
target risk level of 1 x 10 6 for carcinogens and a hazard quotient (HQ) of 1 for
noncarcinogens. MSSLs based on noncarcinogenic effects were adjusted using a HQ of 0.1 to
account for potential additive effects. After the adjustment was made, indoor worker and
outdoor worker MSSLs were compared, and the Iower of the two was selected as the soil
risk-based screening values (RBSVs). MSSLs are presented in Table 4-1.

Following the 2006 investigation at SWMUs 26 and 31, the MDNR and Modine had agreed
to a TCE concentration suitable for defining extent of contamination at the site:4 mg/kg.
That level was based upon TCE concentrations present in both onsite and offsite soil which
are the same order of magnitude and comparable in concentration.

4.1.2 !ndoor Air
The current guidance for preparing EI determinations is the USEP A Draft Guidance for
Eualuating thc Vapor Intrusion to lndoor Air Patlnunv from Croundwnter ond Soils (USEPA
2002a). The guidance was developed for use in residential settings and contains no specific
methodology or screening Ievels for evaluating potential vapor intrusion pathways in
workplaces. USEPA does not expect this guidance to be used for settings that are primarily
occupational. The draft guidance states that OSHA and USEPA have agreed that OSHA
generally will take the lead role in addressing occupational exposures since workers will
generally understand the workplace (e.g., OSHA) regulations (and monitoring, as needed)
that already apply and are provided for their protection.

Consequently, the EI determination for the indoor air pathway in workplaces typically is
based on comparison of indoor air sampling results to occupational standards. OSHA
establishes Permissible Exposure Lir-r-rits (PELs) as their screening level for workplace
exposures based on an B-hour time weighted average concentration. The screening levels
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include the Iower value from the following sources for comparison to the indoor air results
and to demonstrate achievement of the EI:

. Regulatory established OSHA PELs

. Guidance exposure limits established by National Institute of Occupational Safety and
Health (NIOSH) - Recommended Exposure Levels (RELs)

. Guidance exposure Iimits established by the American Conference of Governmental
Industrial Hygienists (ACGIH) -Threshold Limit Values (TLVs)

USEPA has indicated that the applicability and use of the occupational values is a risk
management decision.

In addition, at the request of MDNR as part of the EI Determination, risk-based screening
levels were calculated using a worker exposure scenario in accordance with USEPA's Risk
Assessment Cuidance for Superfund, Volume 1 - Human Henlth Eaaluation Manual -
Supplementol Guidance: Standard Exposure Factors (USEPA '1991). A target excess lifetime
cancer risk (ELCR) of 1 x 10-a and a target non-cancer HQ of 1.0 were used to calculate
screening levels for an industrial worker exposure scenario using the following input
parameters specified below. These calculated risk-based concentrations were not used in this
RFI to evaluate the nature and extent of indoor air impacts; rather, occupational-based values
(indicated above) were used. The calculated risk-based concentrations were used to evaluate
potential human health risks.

. Exposed Population-Adults only

. Average Body weight-70 kilograms

o Inhalation Rate of 1 cubic meter per hour based on activities conducted at the facility
being classified as light to moderate activity level in accordance with USEP A's Exposure
Factors Handbook (USEPA 1997)

. Exposure time of t hours per clay based on an 8-hour work day, O.S-hour lunch break,
and 0.25 hours on either side of clocking in and out.

. Exposure frequency of 250 days per year ( 5 days per week - 50 weeks per year)

. Exposure duration of 25 years

4.2 ldentification and Distribution of Chemicals in

Excess of Screening Levels

4.2.1 Soil

Table 4-1 lists soil analytical results representative of current onsite conditions. TCE is the
only chemical of the VOC screening list that exceeds the MSSL. The distribution across the
site of TCE that exceeds the soil MSSL is illustrated in Figure 4-1. The distribution of TCE
remaining in soil at the site is discussed by SWMU below:
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a

a

a

SI^.IMU 2 (Former Mudpits) -TCE is present at concentrations exceeding the MSSL in
13 samples from l2locations associated with the former mudpits and sanitary sewer
discharge line from the mudpits. Concentrations of TCE exceeding the 0.092 mg/kg
MSSL range from 0.11 to 4 mg/kg (Figure 4-1). Most of the TCE concentrations
exceeding the MSSL occur along the east side of former Mudpits #1, #3 and #4
immediately adjacent to or beneath the building foundation and floor. The extent of the
TCE in soil at SWMU 2 as a result of past activities is delineated to the acceptable level of
4 mg/kg.

SWMU 4 (Former Drum Storage Area 1) and SWMU 5 (Former Drum Storage
Area 2) - Concentrations of TCE in soil on the west side of building in the area of
SWMUs 4 and 5 are below the MSSL (Table 4-1). The results demonstrate that the soil
corrective action adequately remediated the soil contamination in this area.

SWMU 31 (Former Drum Storage Area 3) and SWMU 26 (Former Monorail Vapor
Degreaser and Still M567)-While multiple COPCs were detected in one or more of the
soil samples collected at SWMUs 31 and 26 (Table 4-'I),TCE was the only chemical
detected at a concentration above the MSSL in the soil samples collected from beneath
the building. TCE was present at concentrations above the MSSL in L2 samples collected
from B locations (Figure 4-1). TCE is limited to an area slightly larger than the former
footprint of the Monorail Vapor Degreaser trough. TCE concentrations decrease with
distance from the former trough. The extent of TCE contamination is delineated to the
acceptable level of a mg/kg.

4.2.2 lndoor Air
Table 4-2lists indoor air analytical results from the Indoor Air Quality Assessment
conducted during March 2003. None of the VOCs sampled exceed the OSHA PELs.

Concentrations of the five VOCs detected in indoor air samples from the Modine facility
were well below (less than 1 percent of) the lowest available occupational exposure level. .

The detected concentrations in indoor air at the facility are also below the calculated
screening levels for workers in an industrial setting. Table 4-2 provides a comparison of the
VOCs detected versus both calculated risk-based screening levels and published
occupational exposure limits for a worker exposure scenario.
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TABLE 4.2

Comparison of VOCs Detected in lndoor Air Against Published Occupational Exposure Limits and Risk-Based Screening Levels

Modine Manufacturinq Company, Camdenton, Missourl

Field lD Description Analytical Method Chemical
Result
(ppbv)

Screening
Level
(ppbv)

Occupational
Exposure Limit

(ppbv)

MD-AS-O,I

Office wing

conference
room

TO14

TO14-SrM

TO14

Methylene chloride
Tetrachloroethene

Trichloroethene

1.13

o.2

14.6

560

47

u

25,000

25,000

50,000

MD-AS-02

Office wing

restroom

sink area

TO14

TO14

TO14-SrM

TO14

cis-1 ,2-
Dichloroethene

Methylene chloride

Tetrachloroethene

Trichloroethene

0.88 J 29 200,000

0.64 J

0.517
61.5

560

47
84

25,000

25,000

50.000

MD-AS-03
NE plant

corner

TO14-StM
TO14

Tetrachloroethene
Trichloroethene

0.578
46.7

47

84

25,000

50,000

MD-AS-04

Training room

near chem.
storage area

TO14-SttU

ro14
TO14-StM

Tetrachloroethene
Trichloroethene

Vinyl chloride

0.443
56.5

0.009

47

84

8'r

25,000

50,000
1,000

tvlD-AS-05
Center of
plant near

welding bays

TO14-StM

ro14
TO14-SrM

Tetrachloroethene
Trichloroethene

0.602
42.2
0.015

47

84

81

25,000

50,000
1,000

MD.AS-06

S end of plant

in historical

degreaser
location

roM

rou
TO14-StM

TO14

chloride

cis-'1,2-
Dichloroethene

Methylene chloride

Tetrachloroethene
Trichloroethene

0.62 J

0.81 J

0.528

34.6

29

560
47

u

200,000

25,000

25,000

50,000

MD-AS-07
OUTSIDE

SAMPLE

TO14-SrM
TO14-StM

Tetrachloroethene

Trichloroethene

0.053

o.204
47

84

25

50
,000

,000

MD-AS-08

Duplicate

of MD-AS-05

TO14-StM

TO14
TO14-SrM

Tetrachloroethene
Trichloroethene

Vinyl chloride

0.582
42.7

0.015

47

84

B1

25,000

50,000
1.000

MD-AS-81 Blank TO14-StM Trichloroethene 0.025 84 50,000

Notes.

J = The chemical was positively identified but the reported value is estimated.

Screening Level - Based on MDNR recommended modifications of 10-4 Target Cancer Risk and t hours per day
exposure time, rounded to two significant digits.
Occupational Exposure Limit value is the lowest of the OSHA PEL, ACGIH TLV and NIOSH REL.

OSHA PEL = Occupational Safety and Health Administration Permissible Exposure Limit

ACGIH TLV = American Council of Governmental Hygienists Threshold Exposure Limit

NIOSH REL = National lnstitute for Occupational Safety and Health Recommended Exposure Limits





5. Fate and Transport

The approach to contaminant fate and transport is to describe the understanding of the
migration pathways and potential critical receptor locations. This section discusses the fate
and transport of TCE in the soil at the Modine facility. The following are potential migration
pathways for TCE in the site soil:

. Leaching from soil to groundwater by infiltrating rainfall and stormwater runoff or
continuous contact with groundwater

. Volatilization from soil to ambient or indoor air

This section addresses the potential for TCE to migrate along these pathways to cause

potential receptor exposure.

5.1 Leaching
Precipitation that infiltrates into shallow soil can mobilize site-related contaminants in soil,
transporting them along a vertically downward migration pathway deeper into the soil
column. At the Modine facility, in the areas where TCE remains in soil at concentrations
above the MSSL, the soil is protected from direct exposure to precipitation by an existing
building and the concrete and asphalt paving surrounding it.

Contaminated soil could contribute to groundwater contamination through continuous
contact with the groundwater table or frequent fluctuations in the groundwater table that
bring it in contact with the contaminated soil. However, there is no evidence of accumulated
groundwater within the unconsolidated zone at the Modine facility. Precipitation infiltrates
the thin soil column, typically 5 to 30 feet thick; then, rather than accumulating at the
bedrock surface, it rapidly migrates into the upper, unsaturated parts of the bedrock
through the nearly vertical fractures. The shallowest water-bearing zone is the "perched"
zone at roughly 130 feet beneath the lowest elevation of TCE-contaminated soil at the site.
The presence of this perched zone is intermittent, making it unlikely that fluctuations in the
"perched" groundwater surface would interact with the contaminated soil. Therefore, this
pathway was not evaluated in the HHRA.

5.2 Volatilization
Volatilization of VOCs in soil can create both lateral and vertical migration pathways to
indoor air. While volatilization through soil into the atmosphere of the building is a

potential migration pathway, the concentrations of TCE in soil beneath the building,
combined with the interior height of the building (roughly 18 feet), do not result in a
significant threat to human health by VOCs in indoor air. Even so, the indoor air exposure
pathway was evaluated in the HHRA.
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6. Human Health Risk Assessment

This section provides the approach, assumptions, and conclusions of the HHRA conducted
for site soil and indoor air.

6.1 lntroduction
The HHRA was performed to evaluate the potential risks to human health posed by the
chemicals detected in soil and indoor air at the Modine facility under current and future
Iand use conditions. As presented in USEPA guidance documents, the HHRA is a four-step
evaluation process that includes the following:

. Data evaluation

. Exposure assessment

. Toxicity assessment

. Riskcharacterization

These steps are discussed in detail below.

The following primary references were used in the HHRA:

. Risk Assessnrcnt Guidance for Superfitnd (RAGS), Volume l: Human Healtlr Eualttatiott
Mnnual (Pnrt A) (USEPA 1989)

. RAGS, Voluntc I: H'uman Hcnlth Eualuation Manual (Part D, Standardized, Planning,
Raporting, and Reuiezo of Super.fund Risk Assessment) Final (USEPA 2001a)

. RAGS, Volutne l: Humnn Hanltlr Eaoluntion Mnnual (Part E, Supplementnl Guidnnce for
De rmnl Risk Asscssment) Finnl (USEPA 2004)

The supporting tables for the FIHRA are presented in a format and numbering scheme
consistent with ITAGS Part D (USEPA 2001a) in Appendix A-1. Additional supporting tables
for representative media concentrations (ProUCL output) are presented in Appendix A-2.

6.2 Data Evaluation

6.2.1 Summary of Data Used in the HHRA

The data set usecl ir-r the HHRA consists of soil samples and indoor air samples

6.2.1.1 Soil Data Set

The soil dataset consists of soil sanrples collected during the following field investigations
conducted between 1,997 and 2007:

. ESA (1991) anc'l follow-up investigation (1993) conducted by Law Environmental, Inc.

. Soil Investigation conducted by Dames & Moore (1991,,"1997a,1,997b,and"1997c)
o Various investigations conducted by CH2M HILL (2000,200^1,2002a,2007a, and 2007b)

6-'r



RCRA FACILITY INVESTIGATION REPORT

Soil samples collected within the entire facility were divided into three data groups
representing specific exposure areas for potential human receptors (Appendix A-1, Table 1).

The soil samples collected from 0 to 3 feet bgs (including those currently under surface
cover and the manufacturing building) were used to evaluate the future outdoor industrial
worker scenario; the 0- to 3-ft-depth interval was identified as surface soil in accordance
with MRBCA guidance. Soil samples collected from 0 to 10 feet bgs (including those
currently under surface cover and the manufacturing building) were used to evaluate the
future construction worker scenario. Soil samples collected between 0 and 28 ft bgs
(including those currently under surface cover and the manufacturing building) were used
to evaluate potential volatilization of constituents (within the entire soil column) to ambient
air for the outdoor industrial worker and the construction worker.

The data set used for the HHRA excludes the soil samples collected from locations where
remedial activities were conducted because the samples no longer represent current or
future soil conditions. The final soil dataset used in the HHRA consists of 49 surface soil
samples collected from 0 to 3 feet bgs,'126 subsurface soil samples collected from 0 to
10 feet bgs, and 137 total depth soil samples collected from 0 to 28 feet bgs for analysis of
10 selected chlorinated volatile organic compounds (cVOCs). For normal and field duplicate
sample pairs, the normal sample result was used for the HHRA. Analytical results are
presented in Table 4-1, and Figure 3-2 presents the soil sampling locations.

6.2.1.2 Air Data Set

The indoor air dataset used in the HHRA consists of Summa canister air samples from the
Indoor Air Quality (IAQ) Assessment. The IAQ Assessment was conducted in accordance
with the Corrective Action Work Plan Addendum 3 (CH2M HILL 2002b) submitted to the
MDNR in December 2002. Verbal and subsequent email approval of the work plan with
modifications was provided by MDNR in March 2003.

Air samples were collected from six locations within the onsite building and one outside of the
building. One duplicate sample and one blank sample were also collected. Air samples were
submitted for analysis of eight selectecl cVOCs. Analytical data are provided in Table 4-2.

6.2.2 Selection of COPCs

COPCs are chemicals that have the greatest potential to cause adverse human health effects
when receptors come in contact with site media. Sections 3.2.-1,.2 (SWMU 2),3.2.2.2
(SWMUs 4 and 5), and Section 3.2.4.2 (SWMUs 26 and 31) identify the VOCs remaining in
site soil that are potentially related to historic site activities, as summarized below:

. SWMU 2-TCE, PCE, cis-1,z-DCE, and trans-1,2-DCE

. SWMU 4 and 5-TCE, cis-1,2-DCE, and VC (it should be noted that concentrations are
below historic screening levels)

. SWMUs 26 and 31-1,1-DCE,1,,1,'|-TCA, and TCE

Metals remaining in soil at SWMU 2 at concentrations above historic screening levels
(lead and chromium) were not considered to be COPCs based on the rationale presented
irr Section 3.2j1.2.

6-2



6. HUMAN HEALTH RISK ASSESSMENT

6.2.2.1 SoilCOPCs

COPCs were identified for soil by a two-step screening process that evaluated the frequency
of detection (FOD) and a comparison to RBSVs.

Step 1: Frequency of Detection Evaluation

The FOD at which each chemical was detected was evaluated. Constituents detected at a
frequency of 5 percent or less in each data group were eliminated from the HHRA.
Constituents detected at a frequency greater than 5 percent were carried to Step 2 of the
COPC screening process. Tables 2.1. through 2.3 of Appendix A-1 present the concentrations
detected and the FOD. All chemicals with low FOD were also below the screening levels.

Step 2: Risk-Based Screening Value Comparison

For each chemical carried to Step 2, the maximum detected concentration was compared to
its human health RBSV. In accordance with the recommendation by USEPA Region 7
(USEPA Region 7 2007), the USEPA Region 6 MSSLs (USEPA Region 6 2007) were used as

the primary source of screening values. Industrial soil values were used since the current
and future facility use is industrial. Indoor Worker and Outdoor Worker MSSLs for each
detected chemical were compared and the lower of the two was selected as the soil RBSV for
direct contact (i.e., ingestion, dermal contact, and inhalation of ambient air). MSSLs are
based on a target ELCR of 1.0-6 for carcinogens and a HQ of 1 for non-carcinogens. MSSLs
based on non-carcinogenic effects were divided by 10 (i.e., adjusted using a HQ of 0.1) to
account for potential additive effects.

Those chemicals evaluated in Step 2 that exceeded their respective RBSVs were identified as

COPCs for the specific exposure area. Results of the COPC selection process are provided in
Tables 2.1 through 2.3 of Appendix A-1.

In summary, the following COPCs were identified;

. Soil (0 to 3 feet bgs) -TCE (Table 2.L of Appendix A-1)

. Soil (0 to 10 feet bgs) - TCE (Table 2.2 of Appendix 4-L)

. Soil (0 to 28 feet bgs) - TCE (Table 2.3 of Appendix A-L)

6.2.2.2 lndoor Air COPCs

All detected chemicals in indoor air were retained as COPCs and advanced into the
Exposure Assessment.

In summar/, the following COPCs were identified;

. Cis-1,2-DCE

. Methylene chloride

. PCE

. TCE

.VC
Results of the COPC selection process are provided in Table 2.4 of Appendix A-1.
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6.3 Exposure Assessment
The exposure assessment consists of three main steps:

. Evaluation of potential exposure pathways and identification of potential receptors
o Estimation of exposure point concentrations (EPCs)
o Estimation of intakes

6.3.1 Evaluation of Exposure Pathways and ldentification of Receptors
An exposure pathway evaluation was prepared that describes how a receptor could be
exposed to COPCs at the site. A complete exposure pathway consists of four elements:

o A potential source or potential chemical release from a source
. An exposure point where contact can occur
o A receptor at the exposure point
. An exposure route by which contact can occur (for example, ingestion)

If all these conditions were not met, the pathway was concluded to be incomplete and was
not considered in the HHRA. The potentially complete exposure pathways and receptors
are identified in this section. Consistent with RAGS (USEPA "1989), current and future land
use scenarios were considered.

The Modine facility occupies a S-acre area bordered by residences to the northwest, north,
and east, and by a wooded ravine to the south, southwest, and west. The Lake of the Ozarks
is Iocated 1.25 miles west of the facility.

The facility is zoned for industrial use and includes a 3-acre manufacturing building. Before
1.997, the building was used to produce aluminum and copper heat transfer units, where
chlorinated solvents were used to clean various parts and assembled units during a vapor
degreasing process. Since then, the facility has produced radiators (larger heat transfer
units) using aqueous-based alkali cleaners. No chlorinated vapor degreasing is used in the
cleaning of the radiators. The future Iand use is expected to remain industrial/commercial.

The surface features of the facility are mostly paved surface with areas covered by grass on
the south side of building and small scattered areas of gravel. Following the removal of soil
contamination on the west side of the manufacturing building, most of the remaining soil
contamination was underneath the manufacturing building. Because the surface features
(building floor, concrete pavement) prevent potential receptors from coming directly into
contact with the impacted soil, this exposure pathway is considered incomplete under
current conditions. Since the current facility layout may change and future
renovation/expansion activities may expose soil currently beneath pavement or the
building, exposure to site soil was evaluated under the potential future scenario. Since
affected soil remains beneath the building, volatilization of chemicals in subsurface soil to
indoor air is a potentially complete migration pathway and was evaluated under the
potential current and future exposure scenarios in the HHRA.

Shallow, non-potable groundwater occurs sporadically during the wetter months within the
unconsolidated overburden atop the bedrock surface. The unconfined shallow site
groundwater is as deep as 27 feet bgs. A deed restriction has been placed to prevent
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uncontrolled invasive activities at the facility. Therefore, groundwater will not be contacted
directly by construction workers or industrial workers.

Because site access is limited by a 6-foot tall fence and because the fence will remain intact in
the future, trespassers are unlikely to gain access to the facility. However, trespassers may
gain access to the site in the future if the fence is not maintained. Risk estimates for an
industrial worker can be used to conservatively evaluate potential trespasser risks.

6.3.2 Conceptual Site Model

Based on the information provided in Section 6.2.1, a conceptual site model (Table 1 of
Appendix A-1) was developed to depict the types of potential exposures to chemicals at or
migrating from the site. The conceptual site model presents potentially affected onsite
media, each group of potentially exposed receptors, and the potential exposure routes by
which each receptor group may contact site-related chemicals. The conceptual site model
was also used to identify the exposure pathways to be quantified in the HHRA based on the
existing site characterization data, including assumptions about land use, and to verify
exposure pathway screening assumptions.

6.3.3 Exposure Pathways to be Quantified
Various potential exposure pathways were quantified in the HHRA. The following potential
exposures were quantified for the indicated receptors:

o Outdoor Industrial Workers (Fufure)- Ingestion and dermal contact exposures to
COPCs in surface soil (0 to 3 feet) and inhalation exposures to VOCs in soil (0 to 28 ft)
anywhere onsite-including under the building-were quantified for potential future
outdoor industrial workers. The outdoor worker soil risk estimates can be used to
conservatively estimate potential soil risks for indoor workers.

. Construction Workers (Fufure) - Ingestion and dermal contact of COPCs in subsurface
soil (0 to 10 ft) and inhalation exposures to VOCs in soil (0 to 28 ft) anywhere onsite-
including under the building-were quantified for potential future construction
workers.

Indoor Industrial Workers (currentfuture) - Inhalation exposures to COPCs in indoor
air were quantified for current and future indoor industrial workers.

a

6.3.4 Quantification of Exposure

To evaluate the potentially complete exposure pathways, the magnitude, frequency, and
duration of exposures were quantified. EPCs were identified and pathway-specific intakes
were estimated. USEPA guidance (1989) recommends selecting intake variable values for a

given pathway so that the combination of all intake variable values results in an estimate of
the reasonable maximum exposure (RME) for that pathway. USEPA recommends using
upper-bound parameter values (as opposed to average values) for exposure frequency and
exposure duration.
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6.3.5 Estimation of Exposure Point Concentrations
EPCs are the concentrations of COPCs in an environmental medium to which a receptor
may be exposed at a specific location (the "exposure point"). EPCs can be based on
analytical data obtained from onsite sampling or they may be estimated through modeling.
For the outdoor industrial worker and construction worker, measured concentrations were
used as the EPCs for oral and dermal exposures, while EPCs for inhalation of ambient air
(containing volatiles generated from soil) were modeled. For the indoor industrial worker,
air sampling data were used to identify air EPCs.

6.3.5.1 Calculation of Exposure Point Concentrations for Direct Contact With Soil

An upper confidence limit (UCL) concentration on the mean was calculated and used as the
EPC for each soil data grouping. The UCL was calculated using PToUCL (version 4.0; USEPA
2007). USEPA has issued guidance for calculating the UCL of an unknown population mean
for hazardous waste sites, and PToUCL software has been developed to compute an
appropriate UCL of the unknown population mean. AII UCL computation methods are
contained in the PToUCL guidance documents. PToUCL tests for normality, Iognormality,
and gamma distribution of the data set, and computes a conservative and stable UCL of the
unknown population mean. The computation of an appropriate UCL is based upon the
assumption that the data set consists of observations only from a single population. The
PToUCl-recommended value was used as the EPC. The soil EPCs are presented in
Tables 3.1 and 3.2 of Appendix A-1, and the PToUCL output is provided in Appendix A-2.

6.3.5.2 Calculation of Exposure Point Concentrations for Ambient Air

The methodology presented in USEPA guidance ('1996) was used to model the concentration
of TCE in ambient air based on the soil EPC (i.e., UCL) in the 0- to 28-ft interval. A
volatilization factor (VF) was used to calculate the concentration of volatilized TCE in
ambient air. Calculation of the VF includes an inverse of the mean concentration at the
center of the square source (a/C) term that represents the dispersion of a contaminant in
the atmosphere. The default Q/C values (the dispersion factor for wind erosion) of
58.18 (g/mz-s)/ (kg/ m:) for the outdoor industrial worker and 14.31 (g/^r-s)/ (kglma) for
the construction worker were obtained from USEPA technical guidance (USEPA 2002b) and
used for the calculation of the VF. The other input values and specific equations used to
calculate the VF are presented in Table 4 Supplements 1 and2, respectively. Chemical and
physical properties included in the Soil Screening Cuidance (USEPA 1996) were used for the
calculations.

Ambient air EPCs are presented in Table 3.3 of Appendix A-1, and the PToUCL output is
provided in Appendix A-2.

6.3.5.3 Calculation of Exposure Point Concentrations for lndoor Air

UCL concentrations (e.9.,95 percent UCL) on the mean were calculated using the most recent
version of PToUCL (Version 4.0; USEPA 2007). Based on the UCL value and maximum
detected concentration of each chemical, the lesser of the two values was selected as an
initial EPC. Initial EPCs were then adjusted to account for background concentrations
attributable to outdoor air as well as error attributed to detections in the field blank:
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. The outdoor air sample used for background comparison had detections for PCE and
TCE. To determine final EPCs for PCE and TCE, the background values were subtracted
from the initial EPC values.

. The only detected constituent in the field blank was TCE. The TCE blank value was
subtracted from the background-adjusted TCE value to determine the finalTCE EPC.

Indoor air EPCs are presented in Table 3.4 of Appendix A-1, and the PToUCL output is
provided in Appendix A-2.

6.3.6 Estimation of Human lntake

Intake variables (exposure factors) were used to estimate COPC intakes. Exposure factors
often are assumed values and their magnitude affects the estimates of potential exposure.
The applicability of the selected values contributes to uncertainty in the resulting intake
estimates. All the equations and exposure factors used to calculate intakes are presented in
Tables 4.1 through 4.5 of Appendix A-1. The primary sources for the RME exposure factors
are as follows:

. RAGS, Volume l: Humnn Healtlt Eaaluation Manual - Supplementnl Guidance: Standnrd

Default Exposure Factors lnterim Final (USEPA 1991).

. RAGS, Volume l: Human Health Eualuation Manual, Part E, Supplcmental Cuidance for
Darmal Risk Assess ment (USEP A 2004)

. Supplemcntnl Guidance for Deueloping Soil Screening Leuels for Superfund Si fes (USEPA 2002b)

6.4 Toxicity Assessment
The toxicity assessment describes the relationship between chemical exposure and the
potential for occurrence of adverse health effects. Where possible, the assessment provides a

numerical estimate of the potential for adverse health effects associated with chemical
exposure. This subsection provides a brief description of the toxicity values used to
characterize potential health risks from exposure to the COPCs.

COPCs are classified into two broad categories: carcinogens and non-carcinogens. This
classification is employed because separate toxicity values are used, and potential health
risks are calculated clifferently for carcinogenic and non-carcinogenic effects. Data from
toxicity studies with laboratory animals or epidemiological studies of human populations
are used to develop these toxicity values. In the risk characterization step, toxicity values
were combined with exposure intakes to develop numerical estimates of carcinogenic health
risks and estimates of non-cancer health risks.

The oral and inhalation toxicity values (cancer slope factors, oral reference doses IRfDs],
inhalation unit risks, and inhalation reference concentrations) used in the risk assessment
were obtained from the following hierarchy of sources and presented in Tables 5.1,5.2, 6.L,

and 6.2 of Appendix A-1:

. Tier L Source - Integrated Risk Information System (IRIS) - Database available online
through the National Center for Environmental Assessment in Cincinnati and
nraintained by USEPA (2008).
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. Tier 2 Source - Provisional Peer-Reviewed Toxicity Values. These values are
developed by the USEPA Superfund Technical Support Center.

. Tier 3 Sources-Other Toxicity Values, including additional USEPA and non-USEPA
sources of toxicity information, with priority given to those sources that are the most
current, the basis for which is transparent and publicly available, and which have been
peer-reviewed.

. California Environmental Protection Agency (Cal/EPA). This state agency maintains a

toxicity criteria database; these values are currently accepted by various state
environmental agencies, and are used in MDNR's MRBCA program (CaIEPA 2008).

. Agency for Toxic Substances and Disease Registry. Database available online and
maintained by the U.S. Department of Health and Human Services (2008).

. Health Effects Assessment Summary Tables (HEAST). As of 2002,HEAST toxicity
values were replaced with Provisional Peer-Reviewed Toxicity Values, but for
chemicals not yet reviewed, HEAST values may still be used.

Toxicity values provided by USEPA typically reflect administered-dose values; that is, they
represent doses that will be protective for ingestion or inhalation exposures. The dermal route
of exposure, however, is expressed as an absorbed intake. Therefore, the absorbed-dose
intakes identified for dermal exposure must be compared to absorbed-dose toxicity values.

The absorbed-dose (dermal) toxicity values are derived by applying oral absorption factors
to administered-dose (oral) toxicity values. The oral absorption factor of identified COPCs
(i.e., cVOCs) are generally high (> 50 percent), and USEPA recommends assuming that the
oral absorption factors is 100 percent based on review of literature (USEPA 2004). Therefore,
the oral toxicity values were used as dermal toxicity values with no adjustment in the
HHRA.

In accordance with USEPA guidance (1989), chronic toxicity values were used for exposure
durations of 7 years or greater (i.e., for industrial workers), whereas subchronic toxicity
values were used for exposure durations of less than 7 years (i.e., for construction workers)
In cases where subchronic toxicity values were not available, chronic toxicity values were
used as a conservative approach.

Currently, quantitative toxicity values are not available for TCE in USEPA's Tier 1 or Tier 2
sources of toxicity values. However, Cal/EPA (a Tier 3 source) has a set of toxicity values
for TCE that are currently accepted by various state environmental agencies including
MDNR. Therefore, the toxicity values in the Cal/EPA toxicity criteria database (Ca/EPA,
2008) were used for TCE ir-r accordance with historic agreements with MDNR.

6,5 Risk Characterization
Risk characterization involves estimating the magnitude of potential adverse health effects
from exposure to COPCs at a site. This estimation combines the estimated intakes (exposure
levels) and toxicity factors to provide numerical estimates of potential carcinogenic health
risks and serni-quantitative estimates of non-carcinogenic health risks. Risk characterization
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also considers the nature and weight of evidence supporting these estimates, as well as the
magnitude of uncertainty surroundirrg the estimates.

The risk estimates are intended to provide the basis for management decisions and do not
predict actual health outcomes. The estimates are based on conservative (health-protective)
assumptions, and thus, actual risks are likely to be less than these estimates, and may be zero

6.5.1 Approach for Assessing Potential Non-carcinogenic Health Effects

Estimates of potential non-carcinogenic health risks were performed by calculating an HQ
for each COPC by exposure route at the site. The HQ was calculated as the ratio of the
estimated intake to the RfD as follows:

HO = 
lntake

RlD

If the estimated daily intake for any COPC exceeds its RfD, the FIQ will exceed L. An HQ
that exceeds f. indicates there is a potential for adverse health effects associated with
exposure to that COPC, but it does not indicate the actual level of risk.

A hazard index (HI) approach was used to evaluate non-carcinogenic health risks posed by
one or more COPCs to which a receptor may be exposed by more than one exposure route.
The HI approach assumes that simultaneous subthreshold exposures to several COPCs or
exposure routes are additive. The HI is equal to the sum of the HQs, and is calculated as

HI= I' + I' +...+ l'
R/D, R/D, R./D,

where

I = intake level [chronic daily intake (milligrams per kilogram per day

Imglkg-day])

RfD = chronic reference dose (mg/kg-duy)

Ii = intake level (intake) for the ith constituent

RfDi = reference dose for the ith constituent

A cumulative HI above 1.0 indicates the potential for adverse health effects. The cumulative
HI is defined as the sum of the HQs for all media and all pathways of exposure for a
particular receptor group.

According to USEPA (1989) guidance for non-carcinogens, it is appropriate to derive HI
values based on target organ effects. However, since the estimated cumulative HIs were
below the target level of 1.0, target organ-specific HIs are not discussed further.

6.5.2 Approach for Assessing Potential Cancer Risks

The ELCR for an individual COPC was calculated as the product of the intake and the
cancer slope factor for the COPC as follows:
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Risk=lnlakex CSF

USEPA's target range for carcinogenic risk associated with Comprehensive Environmental
Response, Compensation, and Liability Act sites is 1 x 10 a to L x 10-6. That is, the risk
associated with a site should not exceed this target range. For carcinogens, the MDNR uses a

risk level of 1 x 10 s as a threshold level for a single chemical from all complete exposure
pathways and a risk level of 1 x 1.0a for sitewide (cumulative) risk from all chemicals and all
complete exposure pathways (MDNR 2006b).

6.5.3 Risk Calculation Results

Potential ELCRs and HIs were calculated for potential receptors identified at the facility.
Estimated intakes and associated risks for the RME scenarios are presented for specific
exposure routes in Tables 7.1 through 7.3 of Appendix A-1 and a summary of the potential
cumulative risks are presented in Tables 9.1 through 9.3 of Appendix ,{-L. Note that the risk
estimates presented in this section are based on Cal/EPA's toxicity values for TCE.

. Outdoor Industrial Workers (future) - Ingestion and dermal contact exposures to
surface soil and inhalation of ambient air were estimated for future industrial workers.
The RME ELCR (2x10?) is below the MDNR's target cancer risk level of 1x10-s for a

single chemical and below USEPA's ELCR target range. The RME HI (0.0004) is below
MDNR's and USEPA's target HI of 1.0 (Table 9.1of Appendix A-1).

o Conshuction Workers (future) - Ingestion and dermal contact exposures to subsurface
soil and inhalation of ambient air were estimated for future construction workers. The
RME ELCR (6x10 t9 is below the MDNR's target cancer risk level of 1x10-s for a single
chemical and the USEPA's ELCR target range. The RME HI (0.00002) is below MDNR's
and USEPA's target HI of 1.0 (Table 9.2 of Appendix A-1).

. Indoor Industrial Workers (currentfuture) - Inhalation of indoor air was assessed for
current/future industrial workers. Although the RME ELCR (7x105) does not meet the
MDNR's target cancer risk level of 1"x10-5 for a single chemical, the RME ELCR does
meet USEPA's target range and the cumulative ELCR target range for MDNR. The
maximum target organ-specific HI (0.2) is below MDNR's and USEPA's target HI of L.0
(Table 9.3 of Appendix A-1).

6.6 Uncertainty Assessment
All HHRAs involve the use of assumptions, professional judgments, and imperfect data to
varying degrees, which result in uncertainty in the final estimates of risk. This section
describes the likelihood that the approaches incorporated into the HHRA may result in an
overestimate or underestimate of actual risks associated with exposure to site chemical
concentrations. The major uncertainties associated with the HHRA conducted for the
Modine facility are the risks calculated for TCE as discussed in the following paragraphs.

The CAL/EPA toxicity values are based exclusively on mouse inhalation studies. The
"uptake and distribution factors" were reported to be in "good agreement" with human
volunteers. The good agreement between the mouse inhalation studies and the estimated
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correlation to humans increases confidence in choosing the Cal/EPA inhalation values for
assessment of the inhalation pathway.

USEPA released an external review draft document entitled, "Trichloroethylene Health Risk
Assessment: Synthesis and Characterization" (USEPA 2001b), proposing quantitative
toxicity values for non-carcinogenic and carcinogenic endpoints. Considerable uncertainty
exists with these draft toxicity values. Mechanisms of TCE-induce adverse health effects and
carcinogenesis are very complex, as much of TCE-induced toxicity may be attributable to
metabolites such as trichloroacetic acid (TCA) and dichloroacetic acid (DCA). Metabolite
formation is different at high and low doses of TCE and metabolism can be altered by
metabolites that are already present. In considering TCA and DCA as dose metrics, different
exposures routes yield different proportion of metabolite formation, which in turn yield
different route extrapolations. TCE is primarily metabolized in the liver, and it is not known
whether these dose metrics are appropriate indicators of liver toxicity. Several metabolites
of TCE, including TCA and DCA, are environmental toxins present in water, and these
along with other liver toxins such as alcohol or acetaminophen can contribute to humans
having a higher dose-response curve than test animals. The draft RfD includes a data-
derived factor of 50 for human variation and default factors of 100 overall for uncertainty in
extrapolating from animals to humans, from subchronic studies to lifetime exposure, from
effect levels to NOAELs, and from single-chemical toxicity tests to complex exposures
involving multiple chemicals.

USEPA's draft 2001 toxicity values were used to calculate a second set of risk and
HI estimates for TCE (Table 9-3 Supplement of Appendix A-1):

. Indoor industrial worker-ELCR = 4x10-3, which is above both the MDNR target risk
level and the USEPA acceptable risk range; Hl = 2, which exceeds the MDNR and
USEPA target HI (1.0).

. Outdoor industrial worker-ELCI{ = 9x'10-6, which is below both the MDNR target risk
level arrd the USEPA acceptable risk range; HI = 0.006, which meets both the MDNR and
USEPA target HI (1.0).

It is important to note that although risk estimates based on the USEPA 2001 draft TCE
toxicity values indicate a potential for unacceptable risk for the indoor industrial worker,
estimation of risk using the Cal/EPA toxicity values is expected to be more representative of
the inhalation pathway.

The ambient air concentrations of TCE modeled from the entire soil columu is another
source of uncertainty in the HHRA. Use of the entire soil interval from the surface to the
depth of grounclwater (0 to 28 feet) is expected to overestimate potential ambient air
concentrations.

6.7 Summary and Gonclusions
Potential risks to hurnan health posed by the chemicals detected in soil and indoor air at the
Mocline facility were evaluated based on soil and air samples collected during various
sarnplirrg events conducted from 1991 tl-rrough 2007.
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Three potential exposure scenarios (potential receptors and exposure areas) were identified
at the facility based on the current and foreseeable future land uses. Future industrial
outdoor workers and future construction workers were conservatively evaluated for direct
contact exposures (i.e., ir-rgestion/dermal contact) using surface soil samples (0- to 3-foot
interval) for industrial workers and construction zone soil samples (0- to 10-foot interval) for
construction workers; total soil samples (0- to 28-foot interval) collected from the entire
facility were used to evaluate potential ambient air exposures from volatilization. All soil
groupings used included soil currently situated under surface cover and the manufacturing
building. The current/future industrial workers were evaluated for inhalation of indoor air
using air samples collected within the current manufacturing building.

The maximum detected concentrations in each exposure area were compared to their
respective RBSVs to identify COPCs. Based on the results of the comparisons, TCE was
identified as a COPC for future outdoor industrial workers and future construction worker
scenarios (for surface soil, construction zone soil, and total soil), whereas five chemicals
(cis-1,2-DCE, methylene chloride, PCE, TCE, and VC) were identified as indoor air COPCs
for the current/future indoor industrial worker scenario inside the manufacturing building.

Chemical intakes of the identified COPCs were estimated using USEPA's default RME
assumptions and EPCs (i.e., 95 percent UCL on the mean or maximum detected values) for
the potential receptors. Subsequently, cumulative site risks were estimated by combining
the calculated intake rates and USEPA's standard toxicity values. Estimated ELCRs and HIs
for the potential outdoor industrial worker and construction worker receptors evaluated in
the HHRA were below the MDNR's target ELCR of 1x10-s for a single chemical and HI of 1.0
based on Cal/EPA's toxicity values for TCE. Estimated ELCRs and HIs for the
current/future indoor industrial worker receptor evaluated in the HHRA met USEPA's
target cancer risk level of 1x104 and were below a HI of 1.0 for cis-l,2-DCE, methylene
chloride, PCE, TCE, and VC.
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7. Ecological Risk Assessment

An ecological risk assessment (ERA) was conducted consistent with the draft final MRBCA
technical guidance (MDNR 2006b). Under the MRBCA guidance, potential ecological risks
are addressed using a phased approach within an overall MRBCA tiered risk assessment
process. Details of the tiered risk assessment approach, which include the approach for
human health risk, are provided in the MRBCA guidance.

The general process for identifying the need to conduct an ERA is depicted in Figure 5-1 of the
MRBCA guidance. The need to conduct an ERA is determined following site discovery by
comparing the maximum concentrations of COPCs in groundwater to MRBCA Table 5-1

(compiled from Missouri's Water Quality Standards,l0 CSR 207.031). As described in Section
3.1, groundwater was not investigated as a potential source of site-related contamination at
this site, indicating that an ecological evaluation may not be warranted. To support this
determination, a Level 1 ERA was performed to identify whether ecological receptors or
habitat exist at, adjacent to, or near the site. The evaluation, beginning with MRBCA ERA
Level 1 Checklist A (MRBCA Appendix F), consists of seven questions. The checklist is a
qualitative evaluation completed by an experienced environmental professional. If the
answer to all questions on the checklist is negative, no further ecological evaluation is
necessary. A positive answer to any question in Checklist A implies that a receptor or a
habitat exists on or near the site, and so further evaluation is required. A second checklist of
seven questions, ERA Level 1 Checklist B, is then completed. The second checklist
determines if pathways are complete for receptors identified in Checklist A. If the answer to
the questions is negative, the conclusion is that, even though a receptor exists on or near the
site, a complete pathway to the receptor does not exist and the site poses no ecological
concerns. If the answer to even one question is positive, a Level 2 ERA is required to
determine whethcr contamination at the site poses an unacceptable risk to ecological
receptors.

The results of EIIA Checklists A and B are presented in Tables 7-1and7-2.Since the site is
within 0.5 mile of Hulett Lagoon and the surrounding area is heavily forested, there are
ecological receptors in the site vicinity. However, site-related contaminants have not
migrated offsite and are currently in the shallow subsurface below asphalt pavement or
gravel or in the deeper subsurface. Chemicals are not present in exposed surface soil or
accessible in shallow subsurface soil by burrows or root uptake and there is no surface
water onsite. Although receptors are present in the site vicinity (Checklist A), complete
pathways to these receptors do not exist (Checklist B), and no further investigation (a Level
2 ERA) is necessary. Karstic features do exist in the vicinity of the site, however, no
hydrogeologic connection has been demonstrated between the site and the karst features.
Therefore, the answer to question 7a in Table 7-2is"no."
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8. Conclusions and Recommendations

This RFI Report summarizes existing data available for the site, summarizes previous
remedial activities, assesses the nature and extent of contamination remaining in site soils,
reviews fate and transport of the remaining contaminants, and quantifies the potential risk
posed by any site-related contamination to human health and the environment. This RFI
Report is being submitted under the Action Order on Consent negotiated by Modine and
the MDNR in July 1999.

A visual site inspection /preliminary assessment conducted at the Modine facility in1992
recommended further investigation at a few SWMUs. None of the SWMUs are currently
active. Several investigations were conducted between 1,992 and 2007 at the Modine facility
to assess the potential for releases from these SWMUs. Based on the results from some of
these investigations, remedial activities were conducted to remove contaminated soil during
this time period. The data generated from the investigations and remedial activities were
evaluated to determine what chemicals remain in site soils that could still pose a risk to
human health and the environment.

To assess the nature of contamination, soil concentration data representative of current
onsite conditior-rs were compared against screening levels based on USEPA Region 6 Human
Health MSSLs as part of this RFI. The only chemical identified in excess of the screening
levels was TCE. The evaluation of the TCE data concluded that the extent of TCE
contamination has been adequately defined to the concentration previously agreed upon (4

mg/kg) by Modine and MDNR as a result of previous investigations.

Migration pathways were assessed as part of the RFI to determine the potential fate and
transport of TCE contamination in soil. The leaching to groundwater pathway was
evaluated and determined to be incomplete since the TCE remaining in soil at
concentrations exceeding the MSSLs is protected from direct exposure to precipitation by a
building and the concrete and asphalt surrounding the building.

The HHRA found risk estimates to be within acceptable USEPA and MDNR cumulative
risk levels for future industrial workers and future construction workers from direct contact
with soil and for current/future industrial workers from inhalation of indoor air. TCE in
indoor air exceeds the MDNR target risk level for an individual chemical. The ecological
risk assessment found that although receptors are present nearby, complete pathways to
these receptors do not exist.

An environmental covenant, which meets the requirements of the Missouri Environmental
Covenants Act, RSMo, Section 260.1000 through 260.1039, has been prepared for the Modine
Manufacturing Con-rpany facility in Camdenton, Missouri. Residential land use is defined as

property whose use is unrestricted and children under 18 years of age are on the property
more than 250 days per year. The environmental covenant provides for activity and use
limitations restricting the property to non-residential use, prohibiting drilling or the use of
groundwater for clomestic purposes, and limitations restricting the disturbance of soil under
the existing building. These limitations exclude the use or development of the property or
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portions of the property for any day care, preschool, playground, athletic field, dormitory or
nursing home purposes, or for any residential purposes. These limitations also require the
owner or operator to request permission from MDNR at least 60 days before soil
disturbance activities beneath the building begin. MDNR may deny the request for soil
disturbance or require protective or remedial actions prior to soil disturbance activities
based on the findings presented in this report. In addition, the owner or operator of the
property is required to allow access to the property for the purpose of environmental
groundwater monitoring at existing onsite wells.

Based on results of the RFI, there is no need to move forward with a Corrective Measures
Study. The path forward includes MDNR taking the lead to inform the public. Given that no
significant concems are raised by the public that MDNR considers relevant for
consideration, the site will be closed with no further action.
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Appendix A-2
PToUCL Output



Urcrsd.d.d oilont
From Fil6

Full Pr€dslon

Confidfl€ C6ffdent

Number of Bootstrap Op€ratlons

G.n nll UCL $llnhrior Drt S.tt wlth t{oFt d.ca

Wod(Shoet.Et

ON

95%

2000



Tddrloro.lhylcm (rCE) ISO Conltl

Numbor of Valld Samplss

Numbor of Uniquo Samplos

Note: Data hav6 multiplo DLs - Use of KM Method is recommended

For all methods (excepl KM. DU2, and ROS Merhods),

Obseryations < Largest ND ars treated as NOs

Nomal Okilrlbuton Tclt wfth D.bcrcd Vrlua! Only

Numbtr of Dotocl€d Data

Numbor ot Non-Ooted Datia

Prunt Non-Ootecls

38

88

G.nord Sathdcr

126

36

09.84%

R.w Stldsdcr

MinimumOetoctod 0.0021

MaximumD€toctod 4

Moan of ootodod 0.5468711

SDofD€bcted 1.0792459

Minimum Non-Deteci 0.001

Maximum Nm-Dotet 0.0,68

5.165818

1.386294.1

-2.338218

1.9745428

6.907755

-2.88248

lr0{rEmlb.m.dSM
Mlnimum Detedod

Maxirum Oetsctod

Moan of Detocled

SD of Dotoctod

Minimum Non-Oslocl

Maximum Non-Dotoct

Lilliefors T6st Statistlc 0.5470806

5% LllllgfoE CritielValue 0.938

Data not Norml at 5% Slgnltlcanco Lov6l

Alsumlm Nomd Dhrlhxbn

DL/2 Substitudon Mathod

Moan 0.1708056

sD 0.63746{t

95% DL/2 0) UCL 0.26491'15

N,IA

Logmrm€l ObtlhJlbn T6t wth O.t cbd Valuo Only

Lilllefo6 Test Stsdstlc 0.9623863

5% LilllofoE Cridcal Valuo 0.938

Oata spp.sr Logmnn l st 596 Slgnlflc.nc. Lwcl

A$umlnC Loemrm.l Okdbudon

OL"/2 Substitution Mothod

Mean -4.35988

sD 1.9237446

9s% Hstat (DUz) UCL 0.1159794

Numbor troatod as Non-Oetoct

Number tr€atod as Detected

Singlo DL Non-Dotoct Po.centage

Log ROS Method

Mean in Loq Scsl€

SO in Log S6le

Mesn in Odginal Sc6l€

SD ln OriginalScale

95% Pffitilo Bootstmp UCL

95% BCA B@tstEp UCL

D.t Dfrlhjllon Tr.t$l0r M VaI/c Only

Datr eppcr LogrEfiEl at 596 Slgnflc.nc. Lcvol

'106

20

84.13%

UCL Ste&t6

Maximum Likolihood Estimate(MLE) Mothod

MLE ybldr a nceEthr. mon

Ar.umlne Grmm. Obrlfulbn

Gamm6 ROS Statistlca using Extrapolated Data

Minimum

Maximum

Mean

Modian

SD

k star

Thet6 star

Nu Btar

AppChi2

95% Gama App]t}ximate UCL

95% Adiustod Gama UCL

llob: DL/2 b not! lHmnd.d mGthod.

6.362667

3.1947939

0.165635

0.63E7782

0.268?922.

o.2833273

Ganm. Dhdhdon Ta.f vrffi D.b.l.d Valr!! Only

k star (bias coflocted) 0.3695246

Thota Stsr 1.4799315

nu star 28.083868

A-D Tost Statlstic 2.1174992

5% A-D Critlcal Value 0.83E9424

K€ Tost Ststisdc 0.8389424

5% K-S Cdtical Valus 0.153749

Data not GEmm! DbtdhJt d !t 5% Slgnlfion€ Lffil

0.0021

4

0.5501776

0.530506{t

0.5879448

1.0689807

0.514675

269.38314

232.37425

0.6378012

0.638884{t

0.1669423

0.6359053

0.o574122

0.262082

0.2613769

0.2606889

0.31130Gr

0.275936

0.2639127

0.4171 962

0.525/t8'12

0.7381862

N,onp.]lmrfb StdHct
Kaplan-Moior (KM) Method

M6an

SD

SE of Mean

95% KM (t) UCL

95% KM (z) UCL

95% KM (jekknife) UCL

95% KM (botsrsp 0 UCL

9s% KM (BCA) UCL

95% KM (Porcontile BooBrap) UCL

95% KM (Chobyshov) UCL

97.5% KM (Chobyshry) UCL

99% KM (Chobyshev) UCL

Potandel UCL!b tJ..
95% KM (Chebysh6v) UCL 0.4171962



Tddilorc.tttylcl. FCE) ISO lndll.{

NumborofValid Samplss

Numborof Unhuo Sample6

Nots: Data hav6 mulliplo DLs - Use ol KM Method is recommeoded

For all methods (oxcept KM, DU2, and ROS Methods),

Obsorvations < Largest NO ara treated as NOs

fuiordSalffi
49

10

Numb€r of Oeteclod Osta

NurDor of Non-Dotoct Data

Percont Nm-Ootacls

RlwSLd.tc.
Minimum D6ted6d 0.008

Maimm Det*t6d 3

Mo.n ot D6t6ct6d 0.3754545

sD of D6t6cr6d 0.8989527

Mlnimum Non-Detaci 0.001

MuimumNon-Dotect 0.0074

.4.828314

1.0986123

-2.904156

1.8898657

6.907755

4.9,)6275

LogFlrlrlbmcd Sti$ct
Minimum Dotedod

Maximrm DotecM

Mean of Detedod

SD of D6t6cbd

Minlmum Non-Oetect

Maxlmum Non-Dot*t

1l

38

7755%

38

11

77.55%

t{omrl Durlhdon Tot wlth D.bct d V!t$! Only

Sh8plrc Wilk TGt Statistic 0.4772'144

5% Shapiro Wilk Critlcalvalue 0.85

Data not Nomlat 5% Sbnnom Led

Ar.umlng Noflnal Dbtlhjlbn
DL/2 Substitutim Mothod

M6an 0.0863092

sD 0.439390t

95% Dt/2 (t) UCL 0.191s886

Maxldum Likelihood Estmato(MLE) Method nUA

MLEybld.!n etrli,rntan

Gamrm Ohrtdon TBt r.yth Dcbcbd V.tr. OnIy

k star(bias @f,€clod]- 0.3147774

Thsta Star -1.1927622

nu stsr 6.925102

A-D T6st Statisdc 1.2778442

5% A-D Crltlcal Value 0.8104554

K€ Tst Statistic 0.8104554

5% K-S Critic8lValuo 0.274185

Data not Gsmm! Oblrlbrjbd 8t 5% Slgniffene Lml

Anmhe Glmm.Dhtlhrtlon

Gamma ROS Stadstlca uslng Extrapolatsd Oata

Mlnimum

Msxlmum

Men

Modian

SD

k star

Th6ta star

Nu star

ApFChi2

95% Gam6 Apprcximste UCL

95% AdJustod Gamma UCL

Logno.mrl Dbtlhltlon Ted wl$ Olt d.d Vatta Only

Shaplro Wlk Test Statlstic 0.8839229

5% Shaplro Wilk Crltlc€lValuo 0.85

D.b a9p.ar Loonormal al 596 Slgnlf,carr L.vol

Ar.uml.{ Loenormal D&lhito.r
DL-/2 Substitudm Method

Moan -5.373536

so 1.690138s

95% H€bt (D[.r2) UCL 0.0343883

Number traated as Non-Ootet

Numbor tr€alod as Dotectod

Single OL Nm-Dettrl Pemntag€

Log ROS Mothod

Mean in Log Scab

SD in LoC Selo

Moan ln Orlginal3616

SO in Od0inalS6h

95% Pocontilo BootBtEp UCL

95% BCA Bootstrap UCL

Dab ohtlbrdon Tc.lvvth M VdrE dy
DatE appoar Logmflnal Et 5* SlCntficanca Lcv6l

UCL Stadsd€

€.7/t@79

3.6140318

0.0843575

o.4397702

o.2u9n6
0.3102505

0

3

o.4323n1

0.1673236

0.6726406

0.14'r 1835

3.0621 295

13.835982

6.4592

0.9260592

0.94E5592

0.0904898

0.4340833

0.0650386

0.1995741

0.197468E

0.1955755

2.1576236

0.2t49592

o.2082449

0.3739866

0.4966559

0.737616

l{onpo.lm.trb $.tHca
Kaplan-Moisr (KM) Mothod

M6an

SD

SE of Mffin

9s% KM (r) UCL

95% KM (z) UCL

95% KM (iackrnfo) UCL

95% KM (booErap D UCL

9s% KM (BCA) UCL

95% KM (Pffitil€ BoEEEp) UCL

95% KM (Chebyshov) UCL

97.5% KM (Chebyshe\,) UCL

99% KM (Chsbyshov) UCL

Potlndal UCL' b th.
95% KM (Ch.byshov) UCL 0.3739866

Nob: DL/2 b nota mmmcrdcd mdhod.



Tdcrilo.odhybn fiCE) (mg/kg) lt]oll &27t br Ambhnt Ak Cokulatonl

G.n .al Sathucs

Number of Valid Data

Numbtr of Distinct Oetoclod Oata

1 37 Numbsr of Dotacted Data

46 Numbs of Nm-Detsct Data

Pffit Non-Dotecls

49

RsYe SLlbtc.
Minlmum Dotedod

Maximum Ootoctsd

Mean of Dotociod

SDof DeMod

Minimum Non-Detecl

Milimum Nm-Dstfft

Nots: Oata have multiple DLs - Use of KM Method is recmmended

For all methods (except KM, DU2, and ROS Methods),

Obseryations < Largest ND are treated as NDs

UCL Strlhu6

No,mel Oktrlbuton Tctwlth Dcbct d Valru Only

5% Lillioforc Cridcal Valu€

DatE nol Nomal at 5% Slenlficam Leirgl

Asumlno NomalDbrltutbn

DL/2 Substitution Method

Msan

so
95% Dr/2 (r) UCL

Milimum Likollhood Btimate(MLE) Mehod

LLE yLldr a n e|.{r,rt m..n
N/A

G.mma DHrlhltlolt Tit vd$ ocbct d valu.. only

k star (bias sroc{od)

Theta StEr

nu star

A-D Test Statlstlc

5% A-D Criti€l Value

K-S Test Statistic

5% K-S Critical Value

Oata not Gsmma Db$tubd al 596 Slgnlflcanca Lovol

Arlumlng G.mm. Dbdhnbn

Gamma ROS Statlstl6 using Ertrapolatod Data

Minimum

Maximum

Moan

Median

SD

k star

Thsta star

Nu star

&pChi2
95% Gama Appoximato UCL

95% Adjustod Gama UCL

Nolr: Dt b not a ffimend.d m.tlrod.

lrgFtra.dbflnod Sta[Hc.

0.002 1 Minimum Ootoclod

4 Maximum Detocted

0.28 Moan ol Deteded

1.275 SD of Dotocted

0.001 Minimum Non-Dote1

0.068 Maximum Non-Detst

Numbs tloaEd as Non-Dot*t

Numbs t@tBd as Det6ct6d

Single DL Non-Dotet Percentags

Logmrmal ohnilbuilcn Tst whh ootaclbd v.luc only

0.627 Lilli8fo6 Test Staustic

0.947 5% Lilliofm Criti@lValue

DatE not Lognomalat 596 Slgnllbam Lewl

Asumlno LoCmmll Ohrlhrdn
DL/2 Substitutim Method

0.284 Mean

0.843 SD

0.403 95% Hstat (DU2) UCL

Log ROS Method

M@n in Log Scalo

SO in Log Scal€

Msn in Origiml Sc8l6

SO in OrigimlSel6

95% PsrEntile Bootstrap UCL

95% BCA Bootstrap UCL

Dab Dbthidon T.cwlth Oda.rod Vrkl6 Only

0.371 D.tE do nol folbw a Dbornablc Dhtlb(rlon (0.05)

2.097

36.37

'1.87 1 Nonporamclrb Stetldk3

0.843 Kapl6n-Mei6r (KM) Method

0.843 Mean

0.136 SD

SE ot Mean

95% KM (t) UCL

9s% KM (z) UCL

95% KM (jackknif6) UCL

0.0021 95% KM (booErap0UCL

4 95% KM (BCA) UCL

0.7E 95% KM (Pffitilo Bmtsrap) UCL

0.761 9596 KM (Chebyshev) UCL

0.758 97.5% KM (Ch€byshov) UCL

0.918 99% KM (Chabysh6v) UCL

0.849

251.6 Pdeilbl UClr b U..
215.8 97.5% KM (Ch6bysh6v) UCL

0.9@

0.9't

64.23%

88

6.166

1.386

-1.992

2.'t48

{.908
-2.688

29

108

78.83%

0.945

0.947

4.074

2.183

0.252

-5.692

3.328

0.279

0.84s

0.403

o.426

0.28

0.841

0.0726

0.40'l

0.4

0.399

0.127

o.417

0.405

0.597

0.7y
't.003

0.734



cb-1,2o|cfi loro.rh.no(PPBv) [ndoor Ald

Gonorll$.thh!
Numbor ofValid Data

Number of Oistincl Oetected Oata

UCL Sbtbdcs

Nomal Dlltrlbuton T6t wlth Dobct8d VdE! Ony

Shapiro Wilk Tost Statistic

5% Shapiro Wilk Critical Value

Oata not Normal at 5% SignifEno Le6l

N/A

Allumlng Nomd Ohrlhibn
DLJ2 Substitution Mathod

Mean

D

9s% DU2 (r) UCL

Maximum Likolihood Estimats(MLE) Method

MLE mdlod fEllcd b conrt.!. p,oport

Cramm. Ollllhdon T6twfth M Vah6 Only

k star (blas @mted)

Th6ta Star

nu star

A-D Tost Statistic

5% A-D CritielValue

K.s Tsst Stotisdc

5% K-S Critical Valuo

Data nol Gamma Olstdbuted at 596 Slgnifl6nc6 Lovgl

A$umlng Gamma Obt lhrtlon

GsmmE ROS Ststistics using Ext-apolated Oata

Minimum N/A

Maximum N/A

Moan N/A

Modi8n fUA

SO iUA

k star N/A

€ta star I'l/A

u star l.l/A

Ap,pchi2 N/A

95% Gsmma Appmximats UCL N/A

95% Adiust€d Gamm8 UCL l.l/A

Wamlng: Rommerded UCL excdds th€ muimum obsOflation

NotB: DL/2 b not a lEommendod m6thod.

6 Number of Detoclod Data

2 Numbor of Non-Doted Data

Percent Non-Dotects

Log-lnnsiorm€d StEtkd6

0.62 Minimum Dotocted

0.88 Milimum Dotetsd

0.75 Moan of Datocted

0.184 SD o, Doteted

1 Mlnimum Non-Det€cl

4.5 Maximum Non-Detect

Alsumlno Loomrmal Dlcdhnbn

DL/2 Substitution Method

1.07 M6an

0.628 SD

1.586 95% H-Stat(DU2)UCL

Log ROS M€thod

Moan in Log Scalo

SD in Log Scalo

Mean in Odginal Scalo

SD in OriginalScal6

95% P6rc6ntilo Bootstrap UCL

95% BCA BootstBp UCL

Lognormal Dbldhrtlon T6twllh Mocbd VahFs Only

1 Shapim Wilk Test Statistic

5% Shapiro Wilk Critical Valuo

D6trs not Lognomal at 5% Signifiem Lovel

2

4

66.67%

latr Sblbdc!

Minimum Deteded

Maximum Detoclod

Mean of Dotecled

SO of Doteted

Minimum Non-Dot6ct

Maxlmum Non-Dotoct

4.47E
q.128

{.303

o.248

0

1.504

Note: Dala havc mulliple DLs - Use of KM Method is recommended Number trcated as Non-Detst

For all melhods (except KM, DL/2, and ROS Methods), Numbertmated as Detocted

Obseryalions < Largest ND are treated as NDs Singlo DL Non-Detect Percentage

W6rning: OatE $t h8s ony 2 Obtjnct D,etct6d V6lms.

Thb msy not be adequt€ enqlgh to compule meni]|gful and Ellabl€ iast statistks snd 6timat6.

Th€ Prciet TEm may dei:,6 to e shomstiw sita speillc val6 to o3limale onvironmentsl paErct€B (e.9., EPC, BTv).

Unl6 Data Ouallty ObloclirB (OOOS) haE b6€n m6r, h b sr4r06t6d to ollEi addhbnal obsamtbns.

Tho numb€r ol dottrt6d data may not bo sdeq€ts enoroh to p€riom GOF t6ts, booEtmp, aM ROS methods.

Thco mothods will cturn I 'l.l/A wlw on yflr etpul displayl

h b n@s6ry to lravt /t or moro Otsinci Vabos for boalrap motho&.

It b Mmordad to h6ye 10 b 15 or mm obcoflatldB br mmb and manlngful Bults and 6llmaEs.

6

0

100.00%

N/A

N/A

N/A

N/A

N/A

N/A

N/A

-0.0551

0.527

6.714

0.75

0.13

0.13

1.012

0.94n

1.088

1.8E+308

0.88

0.88

1.317

1.562

2.043

N/A

N/A

N/A

N/A

N/A

N/A

Data Obtlbrruon Ta.t wlth DSd.d Vab6 Ont
Dats do rEt folhw I Db6mabb Dbtdhnbn (0.05)

0.359 l{onparamet h $stldh.
Kapl6n-Moier (KM) Method

M6an

SD

SE of Mean

95% KM (t) UCL

95% KM (z) UCL

95% KM 0ackknils) UCL

95% KM (bmtstrap 0 UCL

95% KM (BCA) UCL

95% KM (P6@ntil6 Bmtsuap) UCL

95% KM (Ch6byshsv) UCL

97.5% KM (Chebysh8v) UCL

99% KM (Chebyshov) UCL

Potcndsl UCL! to U!€

9s% KM (r) UCL

95% KM (% B@tstrap) UCL

1.012

0.88



Molhrcno chlorldc(PPBv) flndoor Akl

G€n€.81 S'tallttk

Numbgr of Valid Oata

Numbsr of Oistinct Deteclod Oata

6 Number ot Dotecled Data

3 Numbsr ot Non-Det6c1 Data

Psmnt Nm-Dolects

3

3

50.00%

RawStitbth.

Minimum Detocled

Maximum Oot*ted

Mean of Dsteclod

SD of D8ttrtod

Minimum Non-Ostect

Maxlmum Non-Detet

Log-{mmbmod St8&llca

0.64 Minimum Doteclod

1.13 Maximum Dat*ted

0.86 Moan of Dotecled

0.249 SD of O8ttrted

2.01 Minimum Non-Detet

4.5 Maximum Non-Oetet

-0.446

0.122

-0.178

0.286

0.698

1.504

0

Note. Data have mulliple DLs - Use of KM Method is recommended

For all melhods (excepl KM, DU2, and ROS Methods),

Obseruations < Largest ND are treated as NDs

UCL Statlrdc!

Nomrl Dlrtdbudon Tolt wlth D€toc{od Valu8 Only

Shapio Wilk Tost Statistic

5% Shapirc Wilk Critiel Value

Oata app6r Nomal af 5% Slgnlflem LoEl

Asumlno NmrlObElhrtbn
OL/2 Substituton Msthod

Mean

SD

9s% Dr../2 (t) UCL

Maximum Likelihood Estimate(MLE) Method

MLE m€6od hllod to comrys prcpody

N/A

Gamma Ohdbtnbn T6t wlth Dob.ted valuo! only

k star (tias conocted)

Thota Slar

nu star

A-D Tsst Statistic

5% A-O CritielValu6

K-S Tast Statistic

5% K-S CritielValu6

Oata nol Gamma Dlstrlbut€d at 5% Shniflem Lsval

Asrumlng Gamma Dbrlhdon

Gamma ROS Statlstlcs usino Extrapolated Data

Minimum

Msximum

M6an

Modian

SD

k star

Theta star

Nu star

AppChi2

95% Gamms AppDximste UCL

95% Adiustod Gamma UCL

Warnlng: Rommnd€d UCL 6xc6€ds th6 muimum obogryatbn

Not6: DL/2 b not s r@mmondod method.

Logmml Dbrlhrlbn T6t wtli hocEd V6lu6 OnV

0.97 Shapirc Wilk T6st Statistic

0.767 5% Shapiro Wilk Cdti€l Valuo

08ts app6r Logmmalat 5% Slgnlflem Level

Arsumlno Logmm8l DHdhrtlon

DL/2 Substitution Method

1.167 Mean

0.567 SD

1.633 95% H-Stat(DU2)UCL

Loe ROS Method

Maan in Log S@le

SD in Log S€lo

Mean in Originsl S€le

SD in OriginalS€le

95% Psrcontils BootstEp UCL

95% BCA B@tstEp UCL

Osta Dbldh/tbn Tcn wth Detocrod ValE Only

Oeta app.er Normal at 5% Slgnifiem Lowl

0.267 Nonpsmmcllb $athlca

N/A Kaplan-Moier(KM)Method

N/A Mean

N/A SD

SE o, Mean

9s% KM (t) UCL

95% KM (z) UCL

95% KM (iackknife) UCL

N/A 95% KM (bootstrapD UCL

N/A 95% KM (BCA) UCL

N/A 95% KM (Percontile B@tstrap) UCL

N/A 95% KM (Chobysh6v) UCL

N/A 97.5% KM (Chebyshev) UCL

N/A 99% KM (Chebyshsv) UCL

N/A

N/A PoLntlolUCkb Us
N/A 9s% KM (r) UCL

N/A 95% KM (Percentile B@tstrap) UCL

N/A

Numbor lreated as Non-D€tet

Number treated as Detected

6

Singlo OL Non-Det*t Perentage

Warning: Th6c aE only 3 Dktinct Oetsted Vslu6 in this data st
The numb€r old€todod data may not bo adequaio omroh to p€riom GOF tests, bootstmp, snd ROS mathods.

Those methods will cturn a'll/A'valw on yor etput dlsplayl

ll h rcryto ha\6,1q mrc OHlnctvahJ6 fo( boot3tEp metho6.

It b mmm€ndod lo hsw l0 to 15 or mE obcoiladm for mmto and manlngtul rBult! ard 6tlmat$.

100.00%

0.767

0.99

0.0723

0.426

4.36

-0.'178

0.181

0.848

0.158

0.946

0.934

N/A

N/A

N/A

0.86

0.203

0.144

1.149

'1.096

1.184

'1.46

1.13

'1.13

1.486

1.757

2.289

1 .149

1.13



Tctrldrlolodly,lc.r (PCE) - (PPrv) nndorA.l

G.nddqdc!
Numb€r of Valid ObEo0adons

llu$llldca
Minimum

Maimum

Moan

Median

SD

Coefiiclent o, Vsriadon

Skilnss

Rclcvart t CL $d.dct
tlonn lDl*lhltlonTdt
ShadE Wlk T6t Stadstlc

Shapilrc Wlk Cdtical Valuo

D.tt lppar lSrmal !t 5t ShnllcarE Lml

A..llnhe t{ornt l Dltlbrdon

95% Sludonfs-t UCL

S*UCtr( 4l.bdbskrrm6)
95% Adluetod{LT UCL

95% Modif6d-t UCL

Gmm. Ohdhnbn Tct
k star (bias cotr€cled)

Thata Star

nu stgr

Apgoxlmsto Chi SquaE Valu6 (.05)

Adiu8ted Lwel of Signiflcan€

Adiusted Chi Squar€ Valu6

Andorson-DadinC Tost Stadstic

Andqm-Dading 5% Cdtical Vslu€

Kdmogousmimv To6t Statlstic

Kolmogorov€mimov 5% Cridcal Value

l1.ta bllor Aepr. Cbmm. Ohrlbirtbn at 5% Slgnfllc.nc. Lwd

A..umh0 q.mm. Ohtlbutbn

95% Approxlmta Gamms UCL

95% AdluEtod Gams UCL

6 Numbor of Distlncl Obsemtios

togFtEndbm.d $ecr
200 Minimum of Log Data

602 Maxlmum ot Log Oata

478 Mean of log Datrs

522.5 SD ol log Data

146.9

0.307

-1.745

Lognonnal Dbtlhdon Tc.t

0.819 Shadrc Wilk Test Str8tislh

0.788 Shaplo Wilk CriticalValu6

Datr mt Looml at 596 Slonlf€nce Laerl

AilrmhgLoenom.l DHhIon
598.9 95% H-UCL

959t Chobyshov (MVUE) UCL

531 97.5% Chobyshev (MVUE) UCL

591.7 99% Cheby6hry (trryUE) UCL

Dab DLtlhnbn

4.493 O6t! app.6r Normslats% Slgnlllcarto Lowl

106.4

s3.92

38.05 Nonp.6m.olc $d!U6
0.0122 95%CLTUCL

33.3 95%Jaclknifo UCL

95% Stsndard BooBtrap UCL

0.773 95%Boot8traflUCL

0.69t 95% Hsllb Bootstrap UCL

0.303 95% Porc€ntilo Boobtrap UCL

0.33it 95% BCA Bmtstrap UCL

95% Chobysh6v(Mean, Sd) UCL

97.5% Ch6bysh6v(Mean, Sd) UCL

99% Chebysh6v(Mean, Sd) UCL

677.4

774

6

s.298

6.4

6.111

0.412

Wamlng: A s€mplG !tsc of 'n' = 6 m€y mt adoqua!. 6nough to computo mdnlngful and lllhblo t6sl !!ad.dcs and 6{m6!.!l

h b eigglarrd b 6L.r st lct t ro I 0 obEst do(B l.rlno t l.aa atltbdol mdrcdal

f p6lbb comFn ..rd coLd D6 Au6[ty Ot.clhi. (tXlO) b...d !.mdc !b. and lmlytlcal ]arhi.

W.mlng: ThoG 6r€ only 6 ValE ln thb daL

Nob: lt ltlould bo mt6d lhat won lhough bootltrsp mc{rod! may bo p6rionn6d on lhb dars ,ot,

th6 llluldng calcubrbm moy not bo rulloblo ercuCh to draw conduslona

TtE ltlratul! argeGtr b l.tro booBfsp molhods m drta leb hEvlng moE lhrn 1G15 obseryetbm.

0.725

0.788

Tt0.1

E3E.5

992

1 293

576.6

598.9

568.6

fiz
538.5

557.3

545

739.4

852.5

1075

Pobndal ucl b us U6e 95% Studenfs-t UCL 598.9



Td.filol@|c FCE). (PPrv) flndoo.Arl

G.ncalSdc.
Number d Valid Obeeryatons 6

RftrSElbdca

Minimum

Muimum

M6n

Modlan

SD

Coefiidst of Vadadon

Skewn6ss

Rchuant UCL Srtbth.
ilomll OHrlhibn T6t
Shadm Wilk Tost Statistic

ShapiD Wilk Cridel Valuo

D.L .pp6r llorm.l .t 5* SlgnIleE Lorll

A!3mhe Noilnrl Dhtlbrdon

95% Studmfs-t UCL

95S UCl,, ( 4r.t d forslGYnrsr)

95% Adju6t6d{LT UCL

95% Modifod-t UCL

Glmma Dtrtrlfutbn T6t
k star (bla3 6mted)
Theta Star

nu slar

Approximato Chi Squa,s Value (.05)

Adiustod Lowl ol Sionifienco

Adiustod Chi Squaro Valus

AndeBon-Dsdlng Tost Statistic

AndoBm-Oading 5% Cdtical V€lue

Kolmogorov-Smimov Test Statlstic

Kolmogolov-Smimov 5% CdU6l Valuo

D.tr rppca, Gemme Dhrlhild at 5% Slgnltlc.nc. Lcycl

A!.umlng Gamm ObHhilbn

95% Approxlmate Gamma UCL

95% Musted Gama UCL

6 Numbor of Disdrct Obwtions

lrgFlEdtrm.d Stddcr
21900 Midmum of Log Data

1 02000 Marimum of Log Data

62E67 Moan ol lo9 Daia

62'100 SDof log oata

26s83

o.423

4.121

Logrprmal Ohfrlhdon Td
0.981 Shadro Wilk Test Statistic

0.788 Shapinr Wilk CriticalValuo

t).i! .p9ar Looml at 594 SlOnllcalr L.El

A.ilmlne Log.mrm.l Dklbrdo.r

84735 95% H-UCL

95% Chebyshfl (MVUE) UCL

80144 97.5% Chobyshov (MVUE) UCL

84646 99% Chebyshev (MVUE) UCL

D.b Dbt lbtlon

2.772 Oatr .ppcar Normal at 596 Slgnlllcsro Lcv.l

22679

33.26

21.08 tlonpc'.mdrb $d.tc.
0.0t22 95%CLTUCL

17.66 95%Jsckknifo UCL

95% Stondard B@tstEp UCL

0.3'17 95% Bootstrad UCL

0.698 95% Hall's Bootstrap UCL

0.24 95% Perc.ntilo Bootstrap UCL

0.333 95% BCA BmtstEp UCL

95% Chobyshev(Mean, Sd) UCL

97.5% Chobyshsv(Mean, Sd) UCL

99% Chsbyshov(Msan, Sd) UCL

99217

1 1 8395

9.994

11.53

10.95

0.523

Wamlne : A smd. 3h! of 'n' = 6 my mt adoqualo orugh to @mBno mcnlrlgftrl end lrllablc td Satbt cs !]d oltlmrbsl

h b erggdd to colLct at l6t 8 to 1 0 obcgrrdo.E ualne tlE rbltdol m.tlodrl
It p6lbh conFltr and colbcf Dat. CXdfy Ot .cdYU (DOO) b..ad lampL !b ard anslydcal rBilt!.

Waming: Thoc aG mly 6 VahE ln thb data

Noi!: lt ahould bc nolod thst dsn thdlgh boot3imp mo0D(b m8y br portomod on thb dats sat,

tho ElultlnC cakulatbnE m6y not bo Elhbls smuoh to dffi condualonr

Th. lltrllni]! a,tEEtr b u.. bootrt ap motho& on dal,a !.tr h.vllre imr. th.n 1G15 obaorystlons.

0.892

0.788

'1229?2

123195

't48877

199325

80718

84735

7908:l

83884

8293

793€B

77717

110172

130Ar1

170848

Potdrtbl UCLb U.. Use 95% Studsfs-t UCL 84735



VlrM drloddo(PPTv) thr&o. Alrl

Gon€lalStdHh3

Numbs of Valid Data

Numbor of Distinct Oot*ted Deta

taw Stithdca

Minimum Dotoclod

Mdimum Dotet6d

Moan of Oetelod

SD of Detected

Minlmum Non-D6tec1

Maximum Non-Detect

Note: Data have multiple DLs - Use of KM Melhod is recommended

For all melhods (except Kir, DL/2, and ROS Melhods).

Observalions < Largest ND are treated as NDs

6 Numbsr of Detecled Data

2 Numbsof Non-Detect Dala

Pe@nt Nm-Oetecls

Log{raBbrmod StatHcs

I Minimum Detecled

15 Maimum Detetod

1 2 Mean of Dstecled

4.243 SO o, Oet*ted
'17 Minimum Non-Detei

32 Milimum Non-Oetrct

Number tEated as Nm-Dettrt

Number tEated as Oeteted

Single DL Non-Det6t Prentage

2

4

66.67%

2.',t97

2.708

2.453

0.361

2.833

3.466

6

0

100.00%

Warnlng: Data $t h$ only 2 Oistinct Dotacled Values.

Thb may not bo adoquat€ onough to @mpule meaningful and Fliable test statistlG and 6timt6.
Th6 Poiel Team may declde to us ahemativo site speific values to Gdmsto onvironmental pamrctaB (4.9., EPC, BTV).

Unlo3s Data Ouallty Obrocrhr€! (DOO!) havo bo€n mol, h b $g06tod to @ll€ct additlonal ohomtlons.

Th6 numbor ol dotectod d6ta may not b€ ad€quato 6negh to porrom GOF l$ts, bootstEp, and ROS mathods.

Th6a methods will return a 'l'l/A value on your output dlsplayl

It h nsc6$ry to haE 4 or moro Dhilnct Velu€a for bodnmp m€tho&.

It b ,ocommsnd€d to heE 10 b 15 or ltrm obafladoB br a@Et6 and manlngful Bults aid BUmabs.

UCL St6&dcs

Nomal Olrtrlhdon To.t wth M Valu6 Ony

Shapio Wlk Test Statistic

5% Shapirc Wilk CriticalValuo

Elata not Norml st 596 Slgniricar Lovel

N/A

ArsumlnC No.rnsl Dht lhrtbn

Ll2 Substitutim Mothod

6an

SD

95% Or./2 (t) UCr

Maximum Likolihood Estimate(MLE) Mslhod

MLE m€tlod hlH to onvrEr Plop.tly

Gomma Dkndhdon Tat wlth Dcbct d Vrlue! Only

k star (bias @reted)

Thota Star

nu star

A-D Tost Statistic

5% A-D CritielValu6

K-S Tst Statistic

5% K-S Criti€lvalue

Data not Gamma Dbtrihrtod at 5% Signifl€E Lwel

Arsumln9 Gamrr Ohtlhltlo.r

G6mma ROS Statisti6 using Extrapolated Data

Minimum l.UA

Muimum N/A

Mean I\UA

Median N/A

SD N/A

k star N/A

ota star l,l/A

u star N/A

Appchiz N/A

95% Gamma Appoximato UCL N/A

gs%AdjustodcommaucL N/A

Wsming: Rmmmnded UCL oxce€ds th€ muimum oboeilatlon

Nots: OUz b not I mmmended mothod.

Logml Dkrlhitbn Td wfih tH.6d V8IE Only

1 Shafrim Wilk Test Statistic

5% Shapirc Wilk Criti€lValu6

Oats nol Loonomal st 5% Shnincsm Lewl

AsumlrE LoCmmal DHtlh.do.r

DL/2 Substitutim Method

12.17 M*n
3.67 SO

1s.19 95% Hstat (DU2) UCL

N/A Log ROS Method

Mean in Log Scale

SD in Log S6le
Moan in Original Scale

SD in OriginalScale

95% Perentilo Bootstrap UCL

95% BCA B@tstEp UCL

DstE Obtslhnbn Ton wth Dot dod vcluc. only

N/A Dat6 do rpt follow 8 Olsmabl€ Dbtrlburbn (0.05)

N/A

N/A

0.359 Nonparamolrlc Statlilh!

Kaplan-Meisr (KM) Method

Mean

SD

SE of Mean

9s% KM (t) UCL

95% KM (z) UCL

95% KM (iackknit6) UCL

95% KM (b@tstrap 0 UCL

95% KM (BCA) UCL

95% KM (Pemntib B@btrap) UCL

95% KM (Chebyshev) UCL

97.5% KM (Chebyshev) UCL

99% KM (Chebysh6v) UCL

Pdstlsl UCk to U$
95% KM 0) UCL

95% KM (% Bootstmp) UCL

N/A

2.459

0.309

40.27

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

12

3

3

18.05

16.93

19.8

1.8E+308

N/A

N/A

2s.08

30.73

41.85

N/A

18.05




